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PEINCIPLES OF CHEMISTRY 

(PART THREE) 
CHAPTER XV 

THE CRODPIKO OP TUB GLGHBNTB AKD THE PEEIODIO LAW 



It is seen from the examples given in the preceding chapters that the 
■um of the datA concerning the chemical transformation a proper to the 
elementa (for instance, with respect to the formation of acids, salto, 
and other compoundB having definite properties) ia insufficient for 
accurately determining the relationship of the elements, inannuch 
M this maj be many-sided. Thus, lithium and barium are id 
some rcapcots analogous to sodium and potassium, and in others to 
magnosiuiD and calcium. It ia evident, therefore, that for a com- 
plete judgment it is necessary to have, not only qoalitAtive, but also 
quantitative, exact and measurable, data. When a property can be 
measured it ceases to be vague, and becomes quantitative instead of 
merely qualitative. 

Among these measurable properties of the elements, or of their 
corresponding compounds, are : (a) isomorphUm, or the analogy of 
crystalline forma ; and, connected with it. the power to form crystalline 
mixtures which are iaomorphnus ; (b) the relation of the volumes ot 
analogous compounds of the elements ; (e) the composition of their 
saline compounds ; and (d) the relation of the atomic weights of the 
elements. In lliia chapter we shall briefly consider these four aspects 
of the matter, which are exceeditigly important for a natural and 
fruitful grouping of the elements, facilitating, not only a general 
acquaintance with them, but also their detailed study. 

Historically the first, and on important and convincing, method for 
finding a relationship between the compounds of two different elements 
is by immorphism. This conception was introduced into chemistry 
by Hitscherlich (in 1820), who demonstrated that the corresponding 
wits of arsenic acid, H,AaO„ and phosphoric acid, HaPO^, crystallise 
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with an equal quantity of water, show an exceedingly close resemblanca 
ID crystalline form (as regards the angles of their faces and axes), and 
are able to crystallise together from solutions, forming crystals coh- 
taining a mixture of the isomorphous compounds. Isomorphous sub- 
tances are those which, with an equal number of atoms in their 
molecules, present an analogy in their chemical reactions, a cload 
resemblance in .their properties, and ■& siiuilar or very nearly similar 
arystalline form : they oft«n contain certain elemehts in common, from 
which it is to be concluded that the remaining elements (as in the 
preceding example of As and F) are analogous to each other. And 
inasmuch as crystalline torms are capable, of exact measurement, 
the external form, or the relation of the molecules which causes ■ 
their grouping into a crystalline foi-m, is evidently as great a help in 
judging of the internal forces acting between the atoms as a comparisoa 
of reactions, vapour densities, and other like relations. We hava 
already seen examples of this in the preceding pages.' It will b« 
sufficient to call to mind that the compounds of the alkali metals 
with the halogens RX, in a crystalline form, all belong to the cubic 
system and orystallise in.octahedra or cuhes— for example, sodium 
chloride, potassium chloride, potassium iodide, rubidiuoi chloride, &c. 
The nitrates of rubidium and ciesium appear in anhydrous crystals of 
the same form aa potassium nitrate. The carbonates of the raelalj of 
the alkaline earths are isomorphous with calcium carbonate — that is, 
they either appear in forms like calc spar- or in the rhombic system 
in crystals analogous to arogonite."''' Furthermore, sodium nitrate 
crystallises in rhwibohedm, closely resembling the rhombohedra of calc 
spar (calcium carbonote), CaCOj, whilst potassium riitratc appears in the 
samefonn as aragonite, CsCD,, and the number of atoms in both hinds 
of salts is the same . they all contain one atom of a meUl (K, Nn, Ca), one 
_ atom of a non-metal {C, N), a'nd three atoms of oxygen. The analogy 
of form evidently coincides with an analogy of atomic composition, 
But, as wo have learnt from the previous description of these salts, there 
.is not any close resemblance in their properties. It ia evident that calcium 
carbonate approaches more nearly to magnesium carbonate than to sodium 
nitrate, although their crystalline forms are all equally alike. Isomor- 

> For instance the Bnilogy ol Iha >nlpb«tOB ol K, Kb, Mid C> (Clupter Sill.. Note 1). 

■ "■ The ctyiUtUoa locmi of un^oita, (tTODtiiinita, uid withertte beloug Ig tlie 
Ihambic (ftLeni : Hie nngle o[ the prLun of C>CO, is IIfl° ID', of SiCO, 11 T° 19', and ol 
BkCOs 11B° 30'. On Uie otbec bud tb« GryBdllinii lomii of calc spur, migDeaile, aaA 
calunine, which re«*mb1e cncb olhei quite na doiely. belong to Ihe thombobedral lyttein, 
with the nngle ol Ch* thombobedn lor CaCOj ]0e° 8', MgCO, 10T° 10', ud ZnCOj 
107' to*. Prom Ihi* compiTi(on it i> a( once cTldenl tlut lina it mote cloul)' lUiad 
to magneaium than Dugneaiuoi io caJcium. 
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phOQB substances which are prefecUy analogou* to each other are not 
only characterised by a close resemblance of form (homeomorphism), but 
aboby the facultyof entering into analogous reu«tions, which is not the 
caaa with RNOj and RCOj. The most important and direct method of 
recognising perfect isomorphiflm— that 'a, the sbaolute analogy of two 
compounds— is given by that property ot analogous compounds of 
Mparating from solutions in homogeneous eryilaU, containing Ike 
mott varitd proporliona of the analogous substances whieii enter 
into their composition. These quantities do not seem to be in 
dependence on the molecnlar or atomic weights, and i( they are 
governed by Any laws they must be analogous to those which apply to 
indefinite chomicnl compounds.' This will be clear from the follow- 
ing examples. Potassium chloride nud potassium nitrate are not 
isomorphouB with each Other, and are in an atomic sense composed 
in a different manner. If these salts be mixed in » solution and 
the solution be evaporated, independent crystals of the two salts will 
separate, each in that crystalline form which is proper to it. The 
ciystals will not contain a mixture of the two salts. But if we 
mix the solutions of two iaomorphous salts together, then, under 
certain cirounistances, crystals will be obtained which contain both 
these substances. However, this cannot be taken as an absolute rule, 
for if we take a solution saturated at a high temperature with a 
mixture of potassium and sodium chlorides, then on evaporation sodium 
chloride only will separate, and on cooling only potassium chloride. 
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Tlie first will conUin ™ry little potaeuam chlDride, sad the Utt«r 
very little sodium chloride.' But if we take, for euunple, a mixture 
oE solutions of atftgnesiuoi sulphate und zinc sulphate, thej caaoot 
be M^rftted front eacb other by evaporating the mLxtore, notwitli- 
ttkodiog the rather conEiderable difierence m the solubility of these 
Wilts. AgAin, the Isoojorphons salts, n>ngiiesiuiiicarbonate,an<Jcalciani 
carbonftte a^e found together— that is, in one crfstal — in nature. 
The angle of the rhombohedron of these magnesia-lime spars is inter- 
mediate between theangles proper to the tvo^pars individually (for caJ' 
cium carbonate, the angle of the rhom)>ohedrou is 10S° 8' ; magnesiaiii 
carbonate, 107" 30' ; CaMg(CO,)^ 106^ 10 ). Certain of these itomor- 
fiAounmixfrirefof calc and magnesia sparsappenr in weU-formed crystals, 
and in this case there not u^freqnentlj exists a simple molecular pro- 
portion of strictly definitechemical combination between the component 
salts— for instance, CaCO„MgCO, ^whilst in other cases, especially in 
the absenoe of distinct crystallisation (in dolomites), no such simple 
molecular proportion Is observalile: thb is also the case in many 
artificially prepared isomorpbous mixtures. The microscopical and 
crystallo- optical researches of Profeasor Inostratftzoff and othera 
show that in many cases thero is really a mechanical, although micro- 
scopically minute, juxtaposition in one whole of the heterogeneous 
crystals of calcium carbonate (doable refracting) and of the compound 
CaAIgCtO^. If we suppose the adjacent parts to be microscopically 
■mall (on the basis of the researches of Mallard, Wembofi^ and others), 
wc obtain an idea of isomorpbous mixtures. A formula of the follow- 
ing kind i<i given to isomorphons mixtures: for instance, for spars, 
RCO„ where R=Mg, Ca, and where it may be Fe,Mn . . ., &c. This 
means th^t the Ca is partially replaced by Mg or another metaL 
Alums form a common example of the separation of IsomorphoQs 
h ■■ oljADfTed in difla«at coiDponadi of Cbv tmm* 
tataiBg urmmrfboBM siiiIimi,iiiuM not be loolad 
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» 4'™'^ t>j dividiog the moltcoUr v«ighl bj (bft 
I BubMauf^f ^ich do gire tni«rmutam ue not neutr t* 
H ol thaw ■rhich do not giie matorei i lot eumpts, lot liui(- 
wrigbt it 84, d«uul; 3-0«, uid volame tbenlon SI 1 tor 
>l ale ipu tbs valimifl i> 3T, and in lim (ons ol tnfo- 
:, for buiaBi«ibon(>t« in; ilwt ii, ibt toIoom id 
latenew iaenua wiUi lbs oambiDing nigbL Xfa* 
BB* ii abawrad il w« eampan fodiniD cbloide (mDlccolu ToliimeKSTJwithp«'u»iBDi 
cMoril* (rolanie m ST), n loilinm colidut* (ToloiD* ■> GSI iritb patuiinm ivIphMa 
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mixtures from solationa. They are double Eulphatea (or seleniales) 
of alumina (ur oxides isomorphoQS with it) and tbe alkalis, which 
crystnllisD in welt-formed crystals. IE olumiDiuiii sulphate be mixed 
with potaB£ium eulphate, an alum separates, having the composi- 
tion KAlS,O„12H,0. It sodium sulphate or amioonium sulphate, or 
rubidium (or thallium) sulphate be used, we obtain alums having the 
composition RAIS,Ot,12H,0 Not only do they all crystallise in the 
cubic system, but they also contain an equal atomic quantity of water 
of crystallisation 0-H,O). Bnaides which, if we mix solutions of the 
potassium and ammonium (NH,A18.jO,,l!H}0) alums together, then 
the crystals which separate will contain various proportions of the 
alkalis taken, and separate crystals at the alums of one or the other 
kind will not be obtained, but each aepnrate crystal will contain both 
potassium and ammonium. Nor is this all ; if we take a crystal of k 
potAssium nluiu and immerse it in a solution capable of yielding 
ammonia alum, the crystal of the potash alum will continue to 
grow and increase in size in this solution — that is, a layer of the 
ammonia or other alum will deposit itself upon the planes bounding 
tbe crystal of the potash alum . This is very distinctly seen if a colour- 
less crystal of a common alum l» immersed in a saturated violet solu- 
tion of chrome alum, KCrS,0,,l'2HjO, which then deposits itself in & 
violet layer over the colourless crystal of the aluininn alum, as waa 
observed even before Mitscherlich noticed it. If this crystal be then 
immersed in a solution of an alumina alum, a layer of this salt will 
form over the layer of chrome alum, so that one alum is able to incite 
the growth of the other. If the deposition proceed simultaneously, the 
resultant intermixture may bo minute and inseparable, but its nature ia 
understood from the preceding experiments ; the attractive force of 
crystallisation of isomorphous substances is so nearly equal that the 
attractive power of an isomorphous substance induces a crystalline super- 
Btnicluro exactly the same ns would be produced by the attractive force 
of like crystalline particles. From this it is evident that one isomorphous 
substance rany indaee On crt/aCalluafion* of another. Such a phenomenon 
explains, on the one hand, the aggregation of different isomorphous 
■ubstsnces in one crystal, whilst, on the other hand, it serves as a most 
exact indication of the nearness both of the molecular composition of 
isomorphous substances and of those forces which are proper to the 
elements which distinguish the isomorphous substances. Thus, for 
example, ferrous sulphate or green vitriol crystallises in the monoclinio 
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6 PBCICIPLES OF CHEinSTBY 

Ejttem and co&tain* seven molecule^ of vit^ F«SO,,THiO, whiM 
et^per Tjtriol cr7staUises vith five tDol«cuIe« of w»ter in the triclinio 
■jcWm, CnSO,,5HfO ; Devertlteless, it majr be euilj froved that both 
niU Are perfectly isoiuorpliaiis ; thftt they are able to &f peu- in idoiti- 
caIIj the «ame foncB aod witL an eqoaJ molecular amount of vaWr. 
For instaoce, Marignac, by evapontiog a niztare of salphoric acid 
•nd ferrous sulphate under the receiver of an air-pump, first obtained 
oryslalt ol tie hepta-hyd rated Bait, and titn of the penla-hydrat«d 
■alt FeSOuSHjO, which vere perfectly umilar to the crystals dcoppet 
colphate. Furthennore, Lecoq de Boisbaudran, by immersing ciystals 
of FeSO„TH,0 in a aaper«atnraled solution of copper sulphate, CMued 
ibe latter to deposit in the eame form u ferrous Bolphate, in cijitals 
of the monoclinic ^iteni, CnS0(,7H|0. 

Hence it b evi<lent that isomorphism — that ii, the analogy of lonuB 
and the property of inducing cry^talltution — may serre as a means for 
the discovery of anaJogieG to molecular conipositioa. We will take an 
example in order to render thii cleftr. If, instead of oiamioium (nl- 
phate, we add magnesium iDlphate to potassium aulpbate, then, on 
evaporating the solution, the doable salt K,BIgS,0^6H,0 (Chap- 
ter Xrv., Note 28) separates instead of an alnm, and the nii<t of 
the component parlB (in alums one atoni of potassium per 2S0„ and 
here two atoms) and tlie amount of water of crystallisation (in alums 
12, end liero G equivalents per 2S0,) are quite different; nor is this 
double salt in any way isomorphous with the alums, nor capable of 
foTTning an isomorpboue crystalline mixture with them, nor does the 
one salt provoke the cryst&llisation of the other. From this we 
must conclude that although alumina and magnesia, or aluminiuia 
and magnesium, resemble each oilier, they are not isomorphous, 
and that although, they give partially similar double salts, these salts 
are not analogous to each other. And this is expressed in their 
obemical formula by the fact that the number of atoms in alumina or 
■laminium oxide, Al,Oj, is different from the number in magnesia, MgO. 
Aluminium is trivalent and magnesium bivalent. Thus, having obtained 
a double salt from a given metal, it is possible to judge of the analogy 
of tlie given metal with aluminium or with magnesium, or of the 
Absence of such an analogy, from the compositioD and form of this 
salt. Tbu* sine, for example, does not form alums, but forms a double 
nit with potassium sulphate, which has a composition exactly like that 
of the corresponding salt of magnesium. It is often possible to dia< 
tinguish the bivalent metals analogous to magnesium or calcium from 
the trivalent metals, like aluminium, by such a method. Further- 
more, the spociSc heat end vapour density serve m guides. Hiere sre 
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alio indirect proots. Thtu iron givea Eerrous compoundB, FeX„ which 

ore iEomoTpbous vrith tbe compoands of tnogueiiiuiii, and fetrio 
compoundB, FeXj, which arc isomorphoug with the compouods of 
aluiainium ; in this instance the relative composition is direct);^ 
determined by analysis, becauae, for a given amount of iron, FeCi, 
only contains two-thirds of the amount of chlorine which occurs in 
FeCl], and the composition of the corresponding oxygen compounds, 
i.e. of terrons oiide, PeO, and ferric oxide, Fe,0,, clearly indicate! 
the analogy of the ferrous oxido with MgO utd ef the ferric oxida 
with Al,Oj. 

Thut in the building up of iiinilar molecules in crystalline forms «e 
see one of the numerous means for judging of the internal world of 
molecules and atomis and one of the weapons for conquests in the 
invisible world of molecular mechanics which forms the main object of 
physioo-cbemical knowledge. This method " has more than once been 

' The pmpOTtj of Htldi of oMorrtng in r«gijl»r «7»UlliDo tormi — the oceniTsncs ol 

livi whioh govetn the lotmiitioii al ciytMt tang tfo •Un>it«d the ittmtion of the utn- 
nllit to eryiUlL The aryitiUliie lorm is, without daabt, the aiprMirim ot the ntntioa 
in which the >(ami ouar in tha moleculfi, uid b which the nuileiiiilesaoaDr in Iks min, 
el w, ■Dbatwuw, CfT*tBlliBtiati !■ deturmined hj tfaa diHtribaUoD ol the malemlet along 
the direction ol grenteft eoheeion, end thnetore thote fore« moit t&ke p&rt in the 
Oryitalline dieteibntioD of metter which ect betwecm the moleonlei ; and, u they depend 
Da the fane* binding tha atoBu (og«theT Id the malecolfX. ■ t'sij oIoh conaee- 
•loa noit eslM bMaeen the ktomio oompoeition and the diitribntion ol (he atonia 
b the raoteonle on the one hand, and tlw erTctalUue form ul a lubitanoe on the 
other hand ; and henee ah insight into the oompoaition maj Iw arrived at from the 
ayiteULnfl fond, Bof^h ii tha etetnenWr and d priori idn which lies et the hase of all 
reaevobei into th9 eimn^ction bctioaen eompotition and erytlaUinf form. HaiiT in 
ISll eelabliahed the fallowing hmdaraental law, which baa been worked ont hy latar 
iafeetlgatoia: Tlisl Um fiindaawntal oryitalliae fnim for s giTsn chemical compoiuid ia 
eonatant (onlyike combinationi vary), and that with a change of compOflition the CTTalal- 
Bne form also ehan^a, natarally with the efceplion of inch linuling lonni aa tha cnbe, 
lagnlar ootahedrm. &o^ which auj belong to Tarioss sobeUncei of the tegnlu e]>H(«ai. 
Hie hmdamental lonn ia daCeoained bj the anglei ol certain (unduDontal geoiaetrio 
lOnne fpriima, pjramidi, rhomhohedn), or tha ratio of the crrttaUina aioa, and in con- 
aaoted with tha optical and niany other propcrtiva of crjatala Since tha eatablinhment 
o( thla Uw the deaoiptioa of definite componndi in a lollil ilatc i> accompanied by a 
daacriptlon (meaiuieDent) ol iti oiyitala, which lorme an inTariable, definite, and 
meannble i^raetef. Tha most important epochi in the further hi itory of thie qoeelion 
wen made by the following diicorsriea :— Klaproth, Vaaquelin, and othcra allowed that 
aragobito haa tho same composition a* crAc epv, whilit the fortHBr bclonga to tbe 
Aombio and tbe latter to tho haiagonal lyBtem, Haily at fint conaidered that (ho corn' 
poaitioi), and after that tho anangemenL, ol the atonu ia the molecolea waa diflereni, 
Thla b dimorphim (He Chapter XIV^ Note it). Bendant, Fnnkenheim, Laurent, al ' 
Ollien tonnd that the loima al Iha two nitiei, KNOj and NaN'Oj, aiactly corte^oi 
with the foinu el aragonila and calo ipar ; that they ate able, moreover, to paaa ban 
ma lonn into anotheij and thai the djfleraace of the forma i< accompanied 1^ a nail 
•tWratiOH of the angle*, lor the angle of the piinnaof potaaaiBm nitrate and aragooil* 
la 110°, and ol eodinm nilnta and c*k apar, ISO" ; and thenlore dimorphiaoi, oi 
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r dUcovering the analogy of elements and of their o 

d as crystals tire measurable, nnd the capacity to form ■ 



t neceutrily impl; a gie&t diller- 
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the unuigement o( the lioai 
sttibntsd diflr^ienU;. Lcbluu^ 
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ciysU1Iiiiiliono(oae lubsUnce in diSenat fcmni, does n 
waea in Ibe distribolloo qt IIib moleouleB, BltbaDBh >ame 
Huches of HitimhsrUch (isaa) od tho dimorphism of ai 
although it ooniwb yel b« afBnaed that in diznorphiui 
ramijm unidlered, Hnd (but only the molKuleB are > 
Bfiitliiec, Walluton.Mid otheti already Imow thkt 
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la SI iHTitoTphoua mixlarog. Thua nU the geiniU 
M* oiprHHid by the geaenl [ormula^ (RO)jM,Oj(SiOi)„ uhcro R=C>, Ug, Fa, Hn, 
and M>Fe, AI, uid where we mny hftva eitber B ud M aepuately, or their eqaivalsnl 
COinpoundl, or their mixtarea iu alt posaibia proportioniL 

BaC other tsota, which render tba correUtion ol fonii and carapoiition itill more com- 
plei, bare accnmulated aide by aide with a maiB of data which may be acoounted for bjr 
admitting the concept ion> of iiooiorphiBin anddimoipbism. Forcmoit among [he former 
itMid the phenomona ol Aonico'iioi^Aiim— thai is, a noameBs at toTsnt with a dUtcreOM 
Of corapoaiticn— and then the taaea of poljinotphiKm and hem iniDrphiam— that is, m 
ntaniera of tbo tandamental forms ac only ol certain angles lot anbbtancea which ai« 
Bear or anatogoui in their compositions iDatances ol bomcoinoiiiliisiu arc lety nnnieToa*. 
Uany ol theK, however, nay be reduced to a reiemblance of atomio compoutioa, 
although they da Dot correspond to an iumorphism ol the Domponenb elementi; tor 
example, Cd3(greoDackile)andAgI.CaCOi(aragoniU)aDdKMO»CaCO](calcapar)and 
NaNO], BaSO,(lieairyepar). EUnO, (patBitiomponnangiuiate), and KCIO, (potaasiom 
peteblorate), AljOj (corundum) and PeTiO, (titanic iron oral. FcS] (maicaaite, rbombia 
■yit«m) and FeSAa (arsenical pyrites), NiS and NiAi, d:o. But bsaidea thaie inatuuM 
there are homcomorphona lubatsncei wilh an abaolute ditsiinUtuity ol 
Uany NCh inilancea were pointed ont by Dana. Cinnabar, BgS, a 
PhSO,aPbCOi appcw in very onalogooB riystalllne forms i the ac 
tnltbata ETTBtalliMa in Iho moDOclinlo syslem iu cryatals analogous to felspar. UAtSijOi ; 
(UubariU, NaiCn(SO,)h angite, RSiO, (R-Ca,Hg), aodinn carbonate, Na,C(>i,10H^, 
Qlanbar'a aalb, 14a,SO„10K]O, and borax, Na.,BtO„10H,0, not only belong to tbo aams 
ijtlain tmoaoollalc). bat aihlbit an analogy ol combinatiooa and a neuneia ol com- 
ipondlog anfttst. These and many other aimilar caaea might appear to be perfeetli 
acblttkly (Mpecially as a ntaritn ot anglea and fuBdamental forms [a a relatirs idea) 
(ran Ifcore not oilier caMS wharo a maeinblancs ot properKei and a distinct relation 
la Ih* nriallOD of oompotlllon ia oonnectod with a rcsambtanoo of form. Thni, 
to? uample, alnmlna, Al^, and water, H,0, an Iraqnently louud in many pyraiesea 
Mid amijilbolea which only coDlain slUoa and magnesia (HgO, CaO, FeO, UnO). 
SobMm Uti Hermann, and tnany olbora, •ndHTonred to eipUln aueh initaoOM 
bf pelymtlrio 'wmariitiini, stating that MgO maybe roplsMd by SKjO (f or nampbk 
ollvin* and airpantlna), 6iO, by AtjOj (In lb* wnpblbAlea, tain), and lo ou, A 
cortaln nuinbar ot tlie inalanees ol this erdiir aro lubjoel to doubt, bHanaa many ol lb* 
■Utural mlnerala which aarvad aa tba basil tar Uio eaUbtishineni of |ialymerl« 
hoiUDTpblun in all iirobahillly no lungsc pnasnt tlisir original cumpositlon, but oaa 
•biob baa baan aller*) under the Induano* ol •olnUeni whloli have Quuia Into coDtMl 
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CKOUPISO OF IHE ELEUESTS AHD THE PEKIODIC LAW 9 

erysUlline mixtures can ba experimentally verified, this method is' ft 
numerical and measurable one, and in no sense arbitraiy. 

wiUi them: the; thgnlon bstang to the cIul oI piiudoiniirphi, or tslse cifittla. 
Then it, however, no doabl of the edtteoce of A irhole leriea ol mtturii] uid utiSeiiJ 
boniflOiiiorphB^ whkh differ from each other bf Htomic nmoonti of vtler, lilicat uid utna 
other lomponenl pHt» Tbut, ThoiDHn (1871) (hawed ■ vtrj (triking inittnce. Ih« 
dwtAllio chloridei. KC1» olten crritalliH with wiUc, uid they do not than conUin lea 
tbitn one molHiile of ntcr pn tlom ol chlorine., , The tniut fuaili&r repreesntitive ol 
Om order BCIi.lHiO ie BuClblHiO, which Drfst^iiei in the riiombl; lyilwi. Birlon 
bromide, BiiBr„lH^. ud copper chlorid*, CDCIt.aH^. h*«* Bculj the ums fonni 
uliuiDmiodnU.KIOt; potkniimi chlormt^ KCIO^; potwniampcnnuigtiule, KMoO,; 
Uriuni>ulph«Ie,BiBO,: cukium lolphtte. CsSO^; wdium SDl[>bati:, Ni,BO,; buium 
bnaite, BiCglljO,, ud othsn hite almoit the urae crjtlalline Ions (o( th« chombla 
■Jitem). Penllel with thi> Hrim !■ Hut ol the mst^ic ehloridea coDtuDing Rai,<H^, 
of the lulphnUa o( the compinitiou BSO„aUiO, uid the fomiloB RC,H,0„3H,0. 
Tbe«e compoondB heloog to the monodinio ftyfttem, hAve a ctow reiembluice of form, end 
diAerfroiD Ibofint Hrinb;eoiit4iniiigtiromaTflmoleo(ileAof weter. XheodditUmof tvo 
nore molesnlw of wMar in oU thasbore ewiei itl>ogi'oifanaiaIthe monoclinio •yttem 
douly reeembling eKh other i for aumple, N>CI„eUjO uid MaSOu'H^. Hetu)««« 
•ee that Dot oalj it RCl^SHgO uulogODt in larm la RSOj mnd RC,M,0„ but thsl Lbeit 
compoaodi with SH|0 ind vith iHtO tiia oilubitcloHl/ uielogoni foima. From Iheee 
•umplei it iierideal Uul Um ooaditieu which determine egiicn form nmybe repcBMA 
BOl only in the pretence of mn iumoiphooi eiohuge — tbet li, with *n «qaril DDOiber of 
atopia in Uu molecule — but 4l*o iu the preHOoe of la uneqiul uumber whan Uiere u* 
pecnii*! and n> yet ungeoorBlleed reUtioiCi in compoeition. Thua ZnO and AlgOi 
Uhibit I cbee eulogy of loim. Both oiidee bcloDg la tht thombohedrol ■yilen, uid 
the eagle bctwaea the pyrunid uid the lerminol plane of the fittt i« ] 18° 7\ and of tho 
[ MSDDd 118° IV. Alamiut, AI,Oi, ii alw ui^ogoua in form to BiOi, uid we ihnU ••• 
ogiee ol form ue oonjoliied with a certain analogy in propvrbci. It It 

iiblv U, replace SiOi by moaoi of A1,0], u Scheerec admili. The oiidM 
Cu,0. HgO. NiO, FejO,. CeO„ ccyst&lliHj iu the regalur ayilem, olthauuh they ua of 
nry diHerent alomic tlmcture. Uorignao demonetrated (he perfect uulog; at tb« 

u of KgZrF, and CoCOj, end the foruiar i> Bton diniDrphoni, like the calciam cor- 
~' lelnui aalt i( ieomorphoni with R^NbOF, and R,WOiF,, vhers R ie ad 

11 DtelaL There it tU aquiTaUacy belwoon CoCOj uid K,ZtFi, becanee K| ii 
•qnirolent to Ca, C to Zr, and F, lo Oj, and with the iumorphiun ol tlie other two lolta 
we, Qod baaidae on eqoal conleota of tha alkali ractAl-'^u equal number of aloms 
oa the one bud and on onatogy to the prnpartiea of KiZcF, oii the olhu. The long- 
knoon iaomorpbiam ol the correiponding oompoundi at potauium tod unmaiiium, KX 
and NUiX may be token ai the aimpleit eiunple of Ihe fact that en analogy of form 

oDrnpoaiiion. Tharelore the ultimata progreti of the entire doctrine of Ihe coneUtloB 

•t eoDipoiilion and cryitalUne formt will only be arrired aticith the eccumulatian of k 

It nnniber of lacte oollecled on a plan c^jmapondiog with the problcme which 

I kece prewnt themielTea. The fint tlcpa hare already been made. The rcaeorchea at 

I Iba Oenera lavanl, Horignao. on th; uiyitaltine form and compositiun of many ol tb* 

doable Snoridei, and the work ol Wymbofl. on Ihe ferricyanidci and other compoundt, 

n portiouUrly important in tbil r«>itect. It ii already erident thai, with a de&iila 

ge ol compoillian. verlatn anglea remain onnaUnt, notwithalandiug that othera or* 

rI to ollention. Such an ioatotieo of the relation ol lorun woa obaecred bf 

lomed by hint A*mina>7Ainn (an oaomaloDi term) when Ihe analogy ia 

in anglea, and faramarfMtm whoi the^omu in )|enara] approach eaeb 

elber, bnt belong to dilerent lyatemi. Bo, lor exoniple, the angle of the plonea of « 
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10 PEINCIPLEB OF CHEMHTBY 

The regularity and simplicity expressed by tho exact laws of crystal- 
line [orm repeat themselves in the aggregation of tho atoms to form 
molecules. Here, bs there, there are but few forma which are essen* 
tially different, and their apparent diveraity reduces ttaelf to a lew 
fundamental diftereaces of type. There the molecules aggregate 
themadvea into crystallino forms ; here, the atoms aggregate them* 
selves into molecular forms or into the types 0/ compouiids. In both 
cases the fundamental crystalline or molecular ' (oriiia are liable ttt 
variations, conjunctions, and combinations. If we know that potasnom 
gives compounds of the fuadamental type EX, where X is a univalent 
element (which combines with one atom of hydrogen, and is, according 
to the law of substitution, able to replace it), then we know the com- 
position of ita oompounda : K,0, KHO, KCI, NHjK, KNO„ KiSO,, 
KHSOj, KjMg (S0,)j,6H,0, ice. All the poaaible derivative oryBtal- 
line forma are not known. So also all the atomic combinations are not 
known for every element. Thus in the case of potassium, KCHj, KjP, 

liiorabohedron muj bs b'reitor or leu tbin 00°, uid Ibeteloce sDch scale and oblBM 
ibombohiidni may clauly a[>piaiuaiile to (he cube, Hanuuuinite, UtiiOt. belong! to 
Ihe tetngond eyvtem, nad Ibe pluiofi of Lta pjrunid ora inclined al nil uiglo of ftboQt 
lie°, nhilit ougoetio iroD on, Fe]0,,-«hi(ih lesemblea bftagiiunnita in nun; r»p«el*, 
kppoua in rsgnlu- odiihedn— that ii, tlie pfruoidd pluiea ue indioed atuuigla of 
IM" IB'. This Ei *a emnple ol puunoiidiiHD ; the lyeleDu Ke diSi'Tent, Iha campail- 
tiOB> Bre uldogone, and thcni ii a cerUin letemblance in fonn, Hemimocpbiim bu 
been found in many iiut;tneea ot uJine uid other iUbftitutkOnfl. Thua, Lanrent demon- 
■trated, and Hintce oonfinued (IBTa), that naphthaleoe derivatiiee of nimlogout ooiopo- 
illion a» hemimorpbDni. Nickltt (IStO) itiDned thai in eUiikne nilphute the angia ot 
Ui« prism ii 135° 26', uid in Iha oilrate of th« umo radicle laS" 9S'. Ths angle Ot till 
priain ol methylamine oialate ia 131° 30*. and oI fluoride, irhich is very dilTerenl in oom- 
position from the former, Uie angle ia 189°. GroUi (ISTOJ endeavoDted to Indicaba Ik J 
ganenl vhat kinde ol ohange ol form proc««cl wllh th« sobiUtDtion ot hydrogen tf ~ 
wiolK other fllemfnts &nd groups, and he obtoned a rogolarity which be U 
norjihtilriip]/. Tbo following oumplei show that morpholropy recalli the hemimor] 
atLaorent. Beniene,C,Hj,rhombio sjilom, ratio ol the a»i 0-89J : 1 ; 0-7( 
C«H,(OH), and isaoiGmol, 0,H,(OB)b also rhambic syateo, bnt the ratio o 
ohkDgod— (bus. in resorcinol, 0*010 : 1 ; O'MO; thatia, apgiiionof ths ctjetallina ■ 

[hombii!iTaleiiidiniIcopbcnot.C(HiCNO,;,(OH) >0'H33: 1 : 0-TS3 ; trinitnpbanol (plcfK i 

acid), C(B|(NO)j(OII) - 0^07 ; 1 : 0^4 ; ud Iha potaaaium tiJt ^ O-SM 

Here lbs ratio ot the Ant aiia ia preaarTed— that ia, urtun uiglea rotna 

■didtha chemical proximitj of the compo^tioo of thete bodice is undoubted. Laoml j 

eomparei hemimorphiin with architectural style, Thns, Gothic cathedrals differi 

respects, but there I) an analogy eiprcHed both in the aum total ol their < 

ivtatiana and Id certain delalla— lor aiaoiple. in thawiadows. Itiaeiidcnt that 

•IpSflt many ftuilfUI multa for nolecolar me^hanin (which formsa problem cod 

many protincea of natural science) from tho lurther etaborAtion ol the data eoncenu^ 

is subjected to a known change, and therefore I conbder it useful to poiii' 

aludeatof science eeeliing for matlarlor independentsoianllBo research this i 

«otk which is presented by the corralatioo ol form and composiUon. Th« georaatrieal r«gl-4 

brily and nxied beauty oteryitalline forma oSerDDamaUattra«Uan to csseanhsflhUldal.:! 



GROUPISO OF THE ELEMEKT3 AND THE TEHIODIC LAW 11 

KgPt, and other like compoUDdB which exist for hydrogen or clilo> 
riae, are unknown. 

Only B. few fundamental types exist for the bnilding up of atoms 
into molecules, and the majority of them are alfead;^ known to us. If 
X St(in<! for a univalent clemeat, and E (or an element combined with 
it, then eight atomic types may be observed : — 

RX, BX„ EX,. RX,, RXj, BXs, RX,, RXg, 

Let X be chlorine or hydrogen. Then aa examples of the first type 
we have: H„ Cl„ HCl, KCl.NaCl, ic. The eompoauda of oxygen or 
wlcium may serve as examples of the typo RX, : OH,, OCl^ OHOI, 
OaO, Cn(OH)s, CnCl,, &c. For the third type RXj we know the 
representative NHj and the corresponding compounds N,0„ NO(OH), 
NO{OK), PC1„ P,0„ PHj, 8bHj, Sb,Oj, B,0„ BClj, AljOa, ic. 
The type RX, is known among the hydrogen compounds. Marsh gas, 
CH„ and its corresponding saturated hydrocarbons, C,H]„4], are the 
best represeotalivas. Also CH,C1, CCl„ SiCl,, SnCl., SnO„ CO,, BiO„ 
and a whole series of other compounds come under this class. The typo 
RX) is also already familiar to us, but there are no purely hydrogen 
compounds among ita representatives. Sal- ammoniac, NH,CI, and 
the corresponding NH.{OH), NO,(0H), C!0,(OK), as weU as PCij, 
POCIj, ic., are represenlativee of this type. In the higher typos also 
there are no hydrogen compounds, but in the type RX^ there is 
the chlorine compound WCl^. However, there are many oxygen com- 
pounds, and among them SO, is the best known representative. To thii 
class also belong SO,(OH)„ S0,C1„ 80,(0H)CI, CrO„ ic, aU of sm 
acid character. Of the higher types there are in general only oxygen 
and acid representatives. The type RX, we know in perchloric acid, 
CIO,(OH), and potassium permanganate, MnOj(OE), is also a member. 
The type RX, in a free state is very rare; osmic anhydride, OsO,, ia 
the best known representative cf it.' 

•rjtttUo-bjilrhtei, double talti,iLDd uouLir compounda-^thoggb (he; daj berogudttd 
M iodependeDk *ra, boweTsi, moit eaiilj uDiierntiwd nitb out pruect knmledga 
M i^grvgntujiLB of wbols laoteoulti to wluoh there kifl no conDripobdiDg doable eon* 
peouda, cootWDing ma Mom of u element. B ud muy klonu ol oUier elemenU RX.. 
The above type4 embnce ell ou«b of direct eDmbiuAtiDiiB of ntomi, uid the formqU 
itfSO^Ttlfi cuAOl, withoal viobiOng Imown tecle, be directl; dedoced fioiii tbe >7pel 
KgS. or tUC„ whilst the InnunU MgSO, conecpondu bolh oiUi the t/pe of the 
""t"—'"" compound! MgX, ud with the type ol the tnlplmt c?ampauBdi 80^,, or la 
twnl aXn Hhgre \, i> repltced bf (OK]i, with tbe Bub*litution in thi> uu el H, bj 
Dm akBi Uk, which tlwaji replaow H,. Howe?eT, it mohl be rcmjukud Ihil Iha 
sodlom oryitiJle-hjdrBlea often eontdjn lOQ^O, thd lOAgbeviuiu cry»ttOlo-Ufdntei B asd 
THfO, and thai tbe type FtM^ it ptapra lo the daahle aalU ol plalinam, &c. With 
Ibe Imtha derelopmcot of oai koovledgs coneeming ciyiteUa-bidntea, double ealMi 
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tbii lour lower types RX, RXg, BX„ and RX, are met with in 
eompoaads of tlie elements R with cbtorine and oTjgen, and obo in 
thdr compounds with hydrogen, whilst tho four higher types only 
appear for such acid compounds aa are formed by chlorine, oxygen, and 
rinilar elements. 

Among the oxygen compounds the itaHne oxides which are capable 
of forming salts either through the function of a bsfie or through t^o 
functiou of an aeid anhydride attract the greatest interest in every 
respect. CertAiu elements, like calcium und magDeaium, only give one 
saline oxide — for example, MgO, corresponding with the type MgXf. 
But the majority of the elements appear in several such forms. Thas 
copper gives CuX and CuX^ or Gu,0 and CuO. If an element R 
^ves a higher type RX,, then there often also ejiist, as if by symmetry, 
lower types, RX,_j, RX,_„ and in general such types as differ from 
EX, by an even number of X. Thus in the case of sulphur the 
types BX„ 8X,, and SXr are known— for example SHj, SO,, and 
80,. The last type is the highest, SX^. Tho types SXj and SXj do 
not exist But even and uneven types sometimes appear for one 
and the seme element. Thus tho types RX and RXj are known for 
copper and mercury. 

Among the laliTie oxides only the eight typta enumerated below 1 
are known to exist. They determine the possible formulae of the com*« 
pounds of the elements, if it be tnken into consideration that an J 
element wliioh gives a certain type of combination may also give J 
lower types. For this reason the rare typo ot the mboxidet 
quaternary oxides R,0 {for instance, Ag,0, AgjCl) is not charactam- , 

■lloj), tolutiona. In., In the lAcmicaJ leiua ol feeble compDUmU |l)it[ Ea, msh m 
cullj dntro^ed by Icsble chemlcaJ Isfluencei) U will prgbably ba poiuble ta nrrlTi 
p«t«ct gensnlliBtlon For ttiem. Fot nlongtima tbeoc subjcoU were onlf itudi«d bjtba 
w«j or by chance ; ddc knowledgeof IbemitMcideaUluiddcBtituleolByHWui, imdUien- 
foro it t< Impoiiiblfl bo expftct m ye( uij geaenZbation bh to their uatarfl. The d&yi of 
Ouhardl us not long put when only Ibise types wees Mcogniiwd : RX, RX,, and BXj) 
tha typ« KX, m%t niKimaii idded (by Coop«i, Kel<a1i<, BuUeiotl, lad othen). mofnly tat 
Vmi [inrpau of genenliiing the dati reapecting tlie cubon compounda. Anil indeed BHny 
•!« Hill Mliifled with theu typai. snd derive l)ie higher lygwi Irom Ihem ; tor instuoo, 
ax, from HX,-.!, tor eJiLmplo. POCl, from PClj, con.idcring the oxygen to bo bound 
both lo tho ohlorine (u in HCIO) snd to tha phoiphoTDH. Bui the lime liai noir uriTed 
whan it (i clairly leen thut the torma RX, RX„ RX„ snd RX^ do nut exliantl the whole 
wilaly ol pheooman*. The revolution hecwoo avident when WllrtiahowodtluitPClj Ii 
not > componnd of PCIa + CI, (although it may decompose into them}, but ft whale 
molaoiila cipiibU ol puaing into vkpODf, FCli like PPj uid SiF,. Tha Uma for the 
ncognltion of (yEwa even hi^r thin BXg ii in my opinion in tho future ; that it will 
coma, we ou alreiidy tea la tha fact that oialie acid, C;H,Ot, glvea a cryaCallo. 
hjrdnta with 3H^ ; but It may b« referred to the type CH,, or rather to tho type of 
•thaoa, CA. In »hlcb all llis atoms of liydtogcn are replaced by hydroiyl, CH,0,3HgO 
- C^OH), (t« Chapter XXn., Note ii). 
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tic it is always accompanied by one of the higher grades of oxidation, 
and the compounds if this type are distinguished by their great 
chemical instability, and split up into an element ftud tlie higher coin- 
pound (for instance, Ag,0=2Ag+ AgjO). Many elements, moreover, 
form transition oxides whose composition is intermediate, which ore 
able, like N,0„ to split up into the lower and higlier oxides. Thus 
iton gives magnetic oxide, Fe,0„ which is in all respects {by its re- 
actions) a compound of the suboxide FeO with the oxide FejOs- The 
independent and more or less stable saline compounds correspond with 
the following eight types .— 

R,0 , aalta EX, hydroxides ROH. Generally basic like Kfi, NujO, 
HgjO, AgjO, Cu,0 ; if there are acid oxides of this composition they 
are very rare, are only formed by distinctly acid elements, and even 
then have only feebleacid properties ; for example, Cl,0 and N,0. 
'R.fit or RO ; salts RX„ hydroxides R{OH),. The most simple basic 
salts R,OX, orR(OH)X ; for instance, the chloride Zn.OCl, ; also 
an almost exclusively basic type ; but the basic properties are more 
feebly developed than in the preceding type. For example, CaO 
MgO, BaO. PbO, FeO, MnO, 4c, 
E,Oj i salU RX„ hydroxides R(OH)i, EO(OH), the most simple basio 
salts ROX, E(OH)Xj. The bases are feeble, like Al,Oj, Fe.Oa, 
TljOj, SbjOj. The acid properties are also feebly developed ; for 
instance, in BjOj ; but with thenou metaU the properties of acida 
are already clear ; for instance, P^Oj, P(OH)j. 
R,Oh or RO,; salts RX, or ROX„ hydroxides R(OH)„ RO(OH),. 
Rarely bases (feeble), like ZrO^, PtO, , more often acid oxides ; 
but the acid properties are in general feeble, as in COj, SO,, 
8nO,. Many intermediate oxides appear in this and the preceding 
and following types. 
B,0, , salU principally of the types ROX„ BOjX, RO(OH)j, 
R0,(0H}, rarely RXj. The basic character (X. ft halogen, 
simple or complex ; for instance, NO,, CI, &e.] is feehle , the acid 
character predominates, as is seen in NjO^ FiOg, CljOj , then 
X=OH, OK, &0., for example NOj(OK). 
R,Oe or RO3 ; salts and hydroxides generally of the type ROjXj, 
ROj(OH),. Oxides of an acid character, as SO3, CrO„ MnOj. 
Basic puDperties rare and feebly developed aa in UOj. 
R,0; ; salts of the form ROjX, R03(OH), acid oxides ; for instance, 
Cl,0„ Mn^Oi, Basic properties as feebly developed as the acid 
properties in the oxides R,0. 
EjO, or BO,. A very rare type, and only known in OsO, and 
RuO,. 




It la BTident from the circumstance that in &I] ttie'bigbar typet 
the aeid hydroxidiu (for example, HCIOj, H,SO„ H,PO,) and aUta 
with A single atom oE one element contain, like Ibe higher saline 
type R0„ not more than four alom» of oxygen ; that the formation 
of the saline oxides is governed by a certain Common principle which 
is best looked for in the fundamental properties of oxygen, and in 
general of the most simple compounds. Ths hydrate of the oxide 
BO, is of the higher type R0j2H,0 = RH,0, = E{HO),. Such, 
for example, is the hydrate of silica and the salts (orthosilicates) 
corresponding with it, Si{MO),. The oxide RjOj •orrespoada with 
the hydrate RjOjaHjO = 3RH3O, = 2E0(0H)j. Such U orlho- 
phoaphorio acid, PHjOj. The hydrate of the oxide RO, is 
JtO,H,0=RH,0^=ROJ(OH)(— for instance, sulphuric acid. Tho 
hydrate corresponding to R,0, is evidently BHO=BOi(OH)— 
for example, perchloric acid. Here, besides containing O^, it 
must further be remarked that ths amount 0/ hydroijen in Ihe hydrats 
M equal to the amount of hf/drogen in the hydrogen compoit'nd. Thus 
silicon gives SiH^ and SiH,0„ phosphorus PHg and PH,0„ sulphur 
SHi and SHjO,, chlorine CIH and aHO,. This, if it does not 
explain, at least connects in a. harmonious and general system the 
fact that the elements are capable 0/ combining vnth a greater amotmt of 
oxygen, the few (A« amount of hydrogen lehich they ore Me to retain. 
In this thq key to the comprehension of all further deductions must be 
looked for, and we will therefore formulate this rule in genei-al terms. 
An element R gives a hydrogen compound BH„ the bydratfi of iM 
higher oxide will be RH,0„ and therefore the higher oxide will contain. 
2RH.04-nH,0 = R,Os_. For example, chlorine gives CIH, hydrate 
CIHO,, and the higher oxide Cl,Oi. Carbon gives OH, and CO,. 
80 also, SiO, and SiH^ are the higher compounds of silicon with 
hydrogsB and oxygen, like CO] and CH,. Here tho amounts of oxygen 
and hydrogen are equivalent. Nitrogen combines with a large amount 
of oxygen, forming N,Oi, but, on the other hand, with a small quantity 
of Jiydrogen in NHj, The eum of the equivalents of hydrogen and 
oxygen, occurring in combination with an atom of nitrogen, is, as 
always in the higher types, equal to eight. It is the same with the 
Other elements which combine with hydrogen and oxygen. Thus 
sulphur gives BO, ; consequently, six equivalents of oxygen fall to an 
atom of sulphur, and in SH, two equivalents of hydrogen. The sum 
is again equal to eight. The relation between C1,0} and CIH is the 
tame. This shows that the property of elements of combining with 
nch different elements as oxygen and hydrogen is snbjecC to one 
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eotamon law, which is also formulated ia the Bystem of the elements 
preeentty to be described.' 

In the preceding we see not ouly the regularity and simplicity 
"which govern the formation and properties of the oxides and of nil the 
compounds of the elements, but also a fresh and exact means for 
recoguising the analogy of elements. Analogous elements give com- 
pouoda of analogous types, both higher and lower. If COj and SO, are 
two gssea which closely resemble each other both in their physical and 
chemical properties, the reason of thia must be looked for not in an 
analogy of sulphur and carbon, but in that identity of the type 
of combination, RX„ which both oxides assume, and in that in- 
fluence which a large moss of oxygen always exerts on the properties 
of ita compounds. In tact, there is little resemblance between carbon 
tuid sulphur, OS ia seen not only from the fact that CO, is the higher 
form of oxidation, whilst UO] is able to further oxidise into SOj, bat 
also from the fact that all the other compounds— for example, SH, and 

0H„ SC1| and CCI„ (tc are entirely unlike both in type and in 

chemical properties. This absence of analogy in carbon and sulphur 
is especially clearly seen in the fact that the highest saline oxides 
are of different composition, COi for carbon, and SO, for sulphur. In 

' Tho bydrogan compoondi, ^H, in eqalTifency cor 
tnbaiidoB, R,0. Fnikdium, lodiaoi, »D<1 potuainia giti 

and it b tvehrLbj of remArk tbmt according lo the pflriodb Byat«m tkwu vlrmdnU fltuHl 
neu touch other, wid Clmt In thowcTDupa when lhahjdrageneoBiiKiiindHlL,Hiippeu, 
tiM qniktAnurj oxid« B^ Jkn &!» pnsenl 

Ifot wiahing bo oomplicala the expluuthm, 1 hon only touch on the general femtiine 
at the relation bistiiiiBn U» bydntw and DlidsB tJii of the oiidai unong IhemulTet. 
Thne, toi iniUncs, tbs eonceptioa of the orthD-aoidi 4ad dF thg nomul acid* will b« 
conaiderod In flpaaking of phoaphorie uid phoiphoroni mctdi. 

As Jn the further expLuifttlon of tha periodic lav only thoee ocidee which gvn HJti 
w>U b« «oneldered. 1 tliink it will not be aapeTflnaDB to mention here the loUouing lute 
nlMiie to Iho peroiidel. 01 Ibsferoit^icorreeponding with hydrogen petoiide, the 
following an U pre»nt Iedowii: U,Oh N>,0^ S,0, (u HSO,?),K,0i, K,0„ C^, 
TiOj, Cr.C. CqOi(?), ZnOj, Rb,0,. BrOj, AgjOa. CdOi, CiO,, Ci,Oi, BaO,, Mo^, 
BnOh W,0|, UO,. It ii prebible tlut the number vt peroxidei will iiicrem wIlli 
tnrtber inreallgttioD. A psriDdicity la aeen la tboae nour known, tot tha olemealt 
[Hcaptlng Ll| of the firit group, which gire Rfi, form paroiidei. mi then the eleamla 
at tka uiUi group Htm alio to ha parti ocluly incliiicd totorm pcroiidei, B,07; bntal 

only twcaOH il i« a 'new and but little atudied mailer (uot lnv»tigated for .11 the 
elemeota), but also, and sioro cipecially, bseauaa in Euny inatuicea only the bydralee 
an known— lor initaaoe. Ho,B,0,— and thay porbapa are only campoDnda ol peroiida 
athydtcgen— toreiaiupla, Ua,H^ •< SUoOj * U,Oi— alnce Pro), acbrioehatahown that 
HjO) and BaO^ poaHia the properly ol combining together and with other oiidea. 
NavertheleH, t hare, In the general table eiprseilng tha psriodio propertiea ol the 
•lanenla, andHTonred to aura np the data ratpecting all the known peroxide oomponadt 
Dliaea chanMUriitic property la aaen Id tb«ir eapdbiUty to form aroiida of fajdrogaB 




FSmciPUS OP fantmgryv 

CbtLpUr VUL we oofwidend tbe limit to vkich eubon tends ia 
its coiapcMinds, uid in « siiniUr mumer then is for erei; eiemcot in 
it* eoBpounds a teodem^ to aUaio » certain highest limit RX. Tba 
riev WBs puticol&rly developed in die middle of the present centarf 
bj Frmnklacd in Etndyiug the metAlIo-OTguuc compounds, i,t. tboM ia 
which X is whoUr or partially a hjdrocarboD radicle j for instance, 
X=CH, orC,H,4c Thot, for example, antimony.Sb (Chapter XIX.) 
gives, with chlorine, compoimdi SbCI and SbClj and oorresponding 
Oiygeo oomponiMk SbiOj and SbjO^ whilst under the action of CHj^ 
C^,T. or in general EI (where E is a hydrocarbon radicle of tha 
para&i series), apoo antimony or its alloy with sodioai U;ete are 
£Dnned SbE, (for eumple, Sb(CH,)b boiling at about 81''). which, 
corresponding to the lower form of oombination SbXj, Me able to 
combine further with EI, or Cl^ or O, and U> form compounds of the 
limiting typeSbXj ; for exunple, SbE^Cl corretponding toNH^CIwith 
the inbstitDtion of nitrogen by •ntimoay, and of hydrogen by the 
fcydrocarhon tadiele. Hie elements which are most chemically aunbigow 
«Te cbancterised by the fiut of their ginng compounds of stmilar form 
RXp Hm halogens whidi are analogous give both higher and lowsr 
oompounda. So also do the metals of the alkalis and of the alkalinv 
earths. And we saw that this analogy extends to the compodtion and 
pn^ertiea of the nitrogen and hydrogen compoonds of these ■m'jIi^ 
which is best seen in the salts. Uany sach gronps of onalogoas 
dements hare long been known. Thus there am analognes of oxygen, 
Bitragen, and corhon, and we shall meet with many such groops. Bat 
an acquaintance with them inevitably leads to the qncstions, what 
Es the caose of analogy and what u the relation of one group to 
vnotber I If these qnestkos remain onanswer^d, it is e«^ to fall into 
«mr in the fomatioa of the grmpa, because the notions of the dqne 
of anokgy «ill always be relative, and will not present any accnni^ 
or distinctness*. Thus lithium is analogous in some respects lo 
potasaivm and in others to magnesium ; beryllium is analognns to 
both alomiiiium and magnesium. Thallium, as we shall afterwards 
see and as was observed on its discovery, has much kinship vitb 
lead and mercury, but some of its properties appertain to lithium and 
potassium. Naturally, where it b icnpossible t^ niake meesarementa 
one is relnotantly obliged to limit oneself to approximate compari- 
sons, founded on apparent signs which are not distinct and are wanting 
in exactitode. But in the elements there is one accurately roeomraUs 
property, which b subject to no doubt — namely, that property which !■ 
ezpnssed In their atomic weights. Its magnitude indicates the rela- 
tive moss of the atom, or, if we avoid the conception of the atom, its 
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■nagoitudo shows the relntioa between the masses forming the chemical 
and independent individuals or elements. And according to tlie teach- 
ing of all exact data kbout the phenomena of nature, the aoMs of a sub- 
Stance is that property on which all its remaining properties must be 
dependent, because they are all determined by similar conditiuns or 
by (hose forces which act in the weight of a subslance, and this is 
directly proportional to its mass. Therefore it in most natural to seek 
for a dependence between the propertaes and analogies of the elements 
on the one hand and their atomic weights on the other. 

This is the fundamental idea which leails to arranging a!l tlui 
tlenifnit accordiiig to their alomic weigktt. A periodic repetition of pro- 
perties is then immediately observed in the elements. We are already 
familiar with eKumples ot this : — 

F =19, Cl=35-5, Br=80, I =127, 

No=23, K =39, Rb=86, Cb=133, 

Mg=24, Ca=40, Sr =8T, Ba=13T. 

The essence of the matter is seen in these groups. The halogens 
have smaller atomic weights than the alkali metals, and the latter 
thtn the metals of the alkaline earths. Therefore, i/ a!! the elenmnls 
be anvmged in the order of their atomic weights, a periodio repetition 
of propertiee ii oblaimd. This is expressed by the law of pej-iodieily 
the properUet of the tlements, a$ ivtH ai the forma and propertiet 
of rt«iV eotnpoutuU, are in jieriodic dependence or {expretting onr- 
»elvei algtbraienSi/) /ortu a periodic function of the atomic weighti of 
the elementa.* Table I. of the periodic tyttem of the elenieiil; which is 



" Thfl periodio Iaw mad tho poric 
lorm H b*» gi'tn in the Snt edilioi 
to ISTiiW oo' '^ itMiuiiuliLtBd Infon 
nBecl on tl 
ohtmiita ■ psmpblel 



•die ijitfini of Uifi elflmcata nppeind in tho Huna 
lot lihii woik, begDP iDlHI38and flnithcd In ISTl. 
jj&lion roApQQtmg tho eloniDutA, I h&d ooGEi[on to 
Kt tha bogianing of 1809 T diBtnbat«d unong muiy 
lIL Attomplod Sjat^m ol Lho Element*. b«sod oa their 
Alomio Weights wd Chemlcnl Anilogiei,' uid tl the Msrch meetlDg ot the Roausii 
CbenieiJ Soclaly. 18TO, I commonicled a paper • On tho Corrolition ot the PtopuMiei »nd 
Atotaio WeiKhtiol the Elements.' TheBubitmoe of thit ptpec'ia embrued Inlhe loUow- 
ing oondoaiDiu ; (1) The olemepts. il nmuiged wKOiding to Ihoir ilomic weight*, exhibit *a 
nldenl ptriodicily of properties. (3) Elemenla which are nmilu sa ngud* (heir 
dmaiuJ propntiea have atODiio weight* which tie either ot B«*iljr tlie aune T*1a« 
(pUtinuin,iiidiiUD.aainIiim)orwhiehiancueregiilu'1i (>.>;. pota*iiiiin.nibldJnm.c«iiim). 
(B) The arrangemBUl el Uie elemenU oi ol group* of elemenU In the orJer ot Ihelt 
tlealB weigbia oorreipond* witb th«ii u-called vaienati. (1) The elemenla, which *n 
lb* moit widalj diiliibuted in natnre, have (iiioll atomic weight*, und all tha elemonU 
of amaJI alomio weight are characteriBod bj aharplj dfiflned propartien. They are 
Iharefoce ly[ncal Blementa. (G) The mafnituiU et the atomio weight deUmnines the 
ebaractet ol u element. (S) The diicoveiy ol maaj yet unknown aloment* maj be 
Mpocted. For inalance, elemante aoalogaui lo aluminium and ^Icdd, wlioia atomia 
mlghla would be hatwoen es and 7B. (J) Tha alomic weight ot an element mtj •oiao- 
Wne* be oorrected b7aid ol a knowledgs ol thow of ths adjacsiit element!. Tliua 
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placed nt the verj beginning of this book, is designed to iilustrata 
Ibis law It is urntnged in coQfor[iii(.y with the eight tjpea of 
oxid«3 described ia the preceding pages, and thoae elements which givo 
the Oicidea, B^O and consequ en tly salts RX, form the 1st group ; the 
elements giving R,0, or RO as their highest grade of oxidation belong 
to the 2nd group , tliose giving RgOj as their highest oxides form the 
3rd group, and so on ; whilst the elements oi all the groups which are 
nearest in their atomic woights are arranged in series from 1 to 12. 
The even and uneven series of the same groups present the name forms 
and limits, but dijfer in their properties, and therefore two contiguous 
series, one even and the other uneven—for instance, the 4th and 5tb — 
form a period. Uence the elements of the 4th, 6th, 8th, 10th, and 12th, 
or oE the 3rd, fitb, 7lh, 9th, and 11th. series form analogues, like the 
halogens, the alkali meta.Is, itc. The conjunction of two series, one even 

IhD combming weiglit ot lotluiium must lia between 113 and laS, hdiI Ftnnol be 12S, 
(S) CsrtiuD chuuteriiCic propectisa of the element* cu be faretold from Ibeii tLtnmie 

Tbe entire periodic Ia> ia iuclDded in these lines. In the series of inbHsqnnBt p&pert 
(1870-71. for eiiiniplo, in the Tranmetioni ot the SusBisn Chemlnl Society, of the 
IdOKOW Meeting oI (tatDnliBti. ot the St. Pelstiborg AoadEmy, aai Liebig'a AitHale») oa 

COuGrned by the labours ot RoHciie, CiLinelley. Thorpe, and others in Engluid; ol Biun- 
melsbcig (oerioia tnd nimninni), h. Hefer (the spociGc Tolumes of tbs elementa), 
ZimmEnnnnn (oruuDm), ud more especially ol C. Winkler |whn discovered ganuuiiaio, 
•Dd showed its Identity with eUaiUcon], uid othfrs inOermuiy: of Lecoq ds Bt^ 
bsDitniB m France (the discoTerer o( gBlliam - eluMotaitiiuni) ; of Cllvs (the atomia 
weight! of tbe eerinm metals), Nilsoo tdisco'erer of acindinm = duboron). and Nilum 
■nd Pettersion (delAmiinatioD ol Ilia Tapmu density of beiyltium chtoride) in Sweden ; 
ud ot Braaner (who investigated ceriom, and detennined the CDiobiniDg weight at 



teUuri 
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in Italy. 



Lg Uie periodic aystem ol-Uie element*, 
1 made dm of the prfsvionH researches ot DumaA, Oladfllone, PettenLofer, Kremers, and 
Lenssen on the atomio weights of related elementB. but 1 was not acqtuunted with iha 
works preceding mine of De Chancourtoit ivii lellHriqiu, or the spiral of the elements 
kccordlng to their propertiss and equiislenta) in France, and of J. Hewluida (Iaw ol 
OetaTBs— lor instance, H, F, CI, Co, Br, Fd, I. Pt tprm the flrut oclaTe, and 0, S. Fa, 
Be, Bh, Te, An. Th the last) in England, although certain germs of the petiodis law an 
to be aeen in these worka With regard lo the work of Prof. Lothar Bf oyer respecting 
(he periodic law (Notes 13 and IS), it is evident. Judging fram the method of inveath 
gation, and fiom his statement (Liebig'a ^nnnleii, Supt. Band 7, ISTO, 11M|, at the very 
commencement ol which he cites my paper ot 1869 above mentioned, that he accepted 
the periodic law En the form which I propoied- 

In oondadiDg Iliis hiilorical stalemeul I ooosidei It well to observe thai no law 
ot nature, howeier genera), has been established all at ouoe ; its recognition is alwaji 
pteoaded by many hints : tbe establishment of a law, however, does not take place when 
Its ^gnificanca ia rscogniaed, bat only when it hns bean eonfirmed by eiporimenl, which 
UiB maa ot tcience must consider as the only piool of the conoctneu of his oonjeotniM 
and opiniona I therefore, for my part, look upon Boecoe, De Boisbaudran, NilHn, 
Winkler, Broaner, Caraelley, Thorpe, and others who verified tha adaptability ol tbe 
periodio Uw to chemicaJ facts, as the true tounaen ot tha periodic law, the farther de> 
' -■ " — '■- trash woikotft 




I -ft&d one contiguoos uneven series, thus forms one \arge period. These 
periods, beginniog with ttie alkali metala, end with the halogens. Th« 
i elements of the hrst two series have the lowest atomic weights, and in 
coQseqitence of this very circumstance, although they bear the general 
properties of a group, they still show many peculiar and independent 
properties.' Thua fluoi-iue, as we know, dilfers in many points from 
the other halogens, and lithium from the other alkali metals, and 
These lightest elements may be termed typical eleinenla. They 
Include— 
H. 
Li, Be. B. C. N. 0, P. 

Na. Mg 

In the annexed table all the renminiag elements uro arranged, not 
in groups and series, but acconiitiff (o periiMla. In order to under- 
■tand the euence of the matter, it must be remembered that here the 
fttomio weight gradually increates along a given line ; for instance, in 
the line commencing with K=30 and ending with Br=80, the inter- 
mediate elctneuts have intenuediat« atomic weights, as is clearly aeen 
n Table III., where the elements stand in the order of their atomic 
t»eight«. 

I. IV V, VI, VII. I. II. in, IV. V, VI. I'll 

Mg A! 8i P 8 CI 

Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge Aa So Br 
Rh Pd Ag Cd In Sc Sb Te 1 



K Ca 

Eb Sr V Zr Nb Mo — 

Cs Bn La Co Di I ~ — 



- Th ■ 



U 



Os Ir Pt Au Hg Tl Pb Bi 



Thesomedegreeofanalogythat we know to exist between potassium, 
ibidium, and cieaium ; or chlorine, braminc, and iodine ; or calcium, 
etronlium, and barium, also exists between the elements of the other 
vertical columns. Thus, for example, rine, cadmium, and mercury, 
which are described in the following chapter, pre!.ent a very close 
knalogy witli magnesium. For a true comprehension of the matter '° it 

• Thu nseiablea the lict, well Imoirn to ihow (mnngm iu>qu»inlanoe with org*nie 
mliliy, xhi-t m * Kli» o[ homologoei (Cbtptci VUI.] the firil uiombcn, in which 
m i* tb« iuaC oarbfHi. ■Jthougb ihowing tho gencraJ propertiea of the bomalDgaiu 
», itiJl pmcnt ccrtfcin djtiinot pecuLluitiai. 

i* Buids unoging the clEmuiU (a) in ■ iiwcMuiTe aider iwcardiiig to their iloiota 
weigbti. iritli IndicitUaa ol their kDiJogies bj abowing Bome of Ihe propectiet— (qi 
Inituicii, Uleir power olgiviDgoneoruother [ormDl combiMtian— bolbol the elemcaCt 
Nul ct (heir compoiinde (u [y doae in Table lU. uid tn U» Ulile on p. M). (b) taioiA- 
lag to perisdi (u io Teblo I, nt tho commeDconiGiit ol vDlame L eftsr tbe preliMh 
and (cj KGording to gionps und (eriei tn bmaJl peiiodg (u ia the ume tLblea}, I u 



b very important to see that all ttio aspects of the diatribution 
oC the elements according to their atomic weights essentiallj exprew 

uqDninlsdiiilliUiefoIkn'ingiiiulliDdiDreipreBolngtlieperiodioreUtioiiaotlheelamnitti 

(1) Bj > cant dnwii through paiutK obtsined in Uu fDllowiag nuiuicr: The alesmta 

■rs BiTMiged along the horizontij mis u ihaciaSM 

tb^Btomlo oelghta, wbUit Ibe vtloes foi nil the elemantt ol 

Ihe mpwiAo (olumSi oi this melting points, ue eiprSBsed bf I 

■JthoDgh gmphiq, h&i the theorelicnJ dJakdvmiLoge tb&t it r 

the eiliteece of n limited mnd definEte number ol element 

nothing, foi inituics, in Hub method of eipreiiiiig tlie !■> 

between nn^goeilnln and Ataminiam there cfuk be uo other el 

o(, «j,IS. aloniio»olumBl8, andin genera] heving propertie 

of Iheee tvo elenienta. The actanl periodic law does not co 

change of prcperties. vith ■ continuoD^ vvmtion of utonu'f 

Dot espreee ^n uoiatertupted funDtiaa — and aa the law ia pu 

the Doneeption of at«ma and moleeuleH which oombine In 

IntecTiUe (not oontmuanily). it above all depcnde on there 

ponndi. which are ■rilhmeticrallT limple, npeal thimMlvts, 

Iruiflitiona, eo that each petiod can only contain a definite noml 

For tfaia reaion thore can be no other elemeiita between magiietium, 

eUoride HgCl^ and alarainiam, which forma AIXjl there la a break i 

seoording to the law of mnltiple ptoportiona. The periodio Uw ought 

be eipreaaed by goonetHcal flgarea in which cootinuit; ie alwaji ondentood. Owing fo 

(heao uinaiderationt 1 never have and never will eiprefli the periodio roUlioni of tha 

alentents b^ any geomelricil flguni. (3) By a plane ipiral. Bndii are traced 
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oapond with a conUnuoM 
■ eight— in ■ word, it doe* 
:ly ohemiciJ, etartisg tma 
luUlplo proportiona, with 
ling bat few types of eom- 
id offer no nnintermpted 
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Dsthod. adoptad by Da 
Chancourloia, Baumgsuer, E, Halh, and othere. has many of Ihe Imperfeetioaa of tin 
pr»oeding, althaugh it removea the indeflnibtneas as lo Uie nomhor of slemenlg In a period. 
It la Eoerely an attempt to reduce the eomplai relationi to a aimple graphio reiVMea- 
tation, iinca the equntion to tlie ipiral and the numUor ol radii are not dependent npon 
anything. (S) B^ tht Untt of alomicilg, e'ltiiar parallel, ae in Reynolde'i and theBav. 
B. Haughton'Binethod.or aiin Crookea' a in ethod, arranged to the i^ght and left of an 
atis, along which the ningnitudeB of the alomic weights are counted, and the poaitlon 
of the alemenls marked oft. on thp one >ide the memben of the even «erie) (pwft- 
■nagDoUo, like oiygen, polaeBlatn, ironl, and on the other gido the mDmben of tbs 
uneven aerieB (diamagnetie, like eulphur. chlorine, einn, and mercury). On joining Dp 
these point* ■ periodic carve la obtained, Comptrsd by Crookes to the oKiltationa oT s 
pendnliun, and. according to Hanghton, repreaenting a oabical ourve- This mebbod 
would be Tcry graphio did it not require, tor instance, that sulphor should be con- 
■idered aa bivalent and mangBneu ai univalent, allhongh neither of these elemenla gliM 

lowest pDBBible componud SXg, And the other of the highest, beoaaae manganese oat be 
referred to the uni.alenl clemenU only by the analogy of EMnO. to KCIO,. Fnrtlur- 
more, ReynoldB and Crootei place hydrogBn. iron, n " " 



BentiheR eudeavourod to chtssify Iho elemcnli Ii 
depcndcul on solid geometry. He comtDUnicated 
Chemical Booicty, bnt bia conununicatlon, whin 
baa not yel Sippeared in print. (9) By algebrai 
(IBSe) eiideavonrB to eipreis all the alomio ' 
A- 19 [n- 0937^0, in which the variables n and t 
Diygenn-a,C-l:benoe Ai'IS'M: for antimony n>^a, 
It nariea from 1 to le and t fr<»D to t». The 
Ihia method : thni for chlorine Ihs roa^ltade* of 
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one and the same fu&damento] drpendence — periodie /nvperCies." Tho 
following points then muat b« remarked in it. 

(or iedina 8 and 9; lor pMuHum g ah J H; to 

but K cumin Mgoktit)' Menu Is be ihown. 

thg dopandeim of the propecliet o[ elenwnU on llieir nlomic ncigliu \t oDinmea Df 
bigcnoitiftrieal/utiECiona,h6a.uaatht%dappndento isppriiKlicliln thefonobknisol trigo- 
DObmUkkI line*, ud thecDlon Bidbeig in Sweden ILund. IfMU) wd F. FUvitiky id RuHik 
{JCtuao. IfidT) hAVft fedoptod a tijnilu uulJiod ol earpiuuaii, whioh mutb be confiidend 
M wortli; oF being worked out. ilthoagh H doea not eipmu Ihe i.bHnce ol intenn^diila 
«1cmeD(fr^fOT tiutuin, between nvgne^iiun uid ejiuujiiiiini. which ii Ktstnlioily the 
■D«l iBipoi-tuit put dI tbs nutter. (7) The inveitig&ticni* ol B. X. Tchildicrin (IB88, 
/ourNfll 0/ rlu Hiutian Phstical and Ckemieal SacittMJ lona Iht Gnt eSort in the 
litter directkui. He esredillj itudicd the ■Hull lugUln, uid diecovered Iha loUawing 
■Iraple relation between their >t«iile vdIodim: CliereiJian be eipnited by A (3 - O-OllSAn), 
wlwr* A 1< Uu alomio weight ud n-1 lor lithinm aad lodiain, | lor potaeiiain,! for 
nbidiiuD, ud \ lor oieiiiun. II n alwiyt c 1, thea Uu vDlnms of the atom would 
become len at A-^ie|, uid would reach itil maximain wlien A^t3J, and the deniity 
faicreuei wHh theglowtholA. la order (o explain the varintion ol n. and the relation of 
Ilia ala nii e wcighu ol (he alhali mctala In thaw ol tb* other elDmente. u alK the aioinicily 

■idinth* leUlion ollb* eentfal to the peripheric miu. and. guided by mechanical prln- 
ciplea> daduoei maaT ol the prapailieaol the alonu from Iha rucUon of III* inkima] and 
peripheric paiU ol eaeb atoni. Thii endeavour oilers many inUnitiiig poiuti. bul ft 
■dniiti Lbs liypotheiii of the bnilding ap of all the eteinenta ftoni one prtoiarj matter, 
and at Iha prvaeDt time (iich an hnntbnii boa not the leul lupport either in iheon or 
is laEt Bcaidei which the lUiting-poiBt ol tbo tbenrjr i* the >p«:i£c gmrity d the 
nietali at a deflnilc teupintiuo (it i% not known bow the above rcUlion would appear 
ftl ulber lempeialem), aud the apeeifie gravity variei even nnilet mechanical influences. 
L, Hugo (IMI) cndaaVoiind to repnnent the atumid weight! ol In, Na. K, Rb. and C> 
by geomeUical flgurei — lor inaUnce, Li - T repnaenta a central atom^l and iiialiinii on 
the ail lenDiniJi of an octahedron ; Na, ii oltamed by applying two lucfa atomioD each 
edge ol an octahedron, and u> on. It ia evident that ancli melhoda can add nothing oe« 
to onr data reaprcLing the atomic weiglita ol analogoua element*. 

*' Uany natural phenomena eihibit a dependence of a periodio character. Tbaa the 
theaamtna al day and night and ol the eeuaon* ol the year, and vibrationa of all kinds, 
eibibii variatlona of a periodic charaflar in depandencs on time and apace- Bat ill 
ordinary periodic lunctloni one variable viiies conlinuounly, whilil the other increaaea 
to a limit, then a period of dacreais begine, and having in (nrn reached iit limit a psriod 
ol iocreaas agaia begiua. Il is otherwiBa in the periodic luiictinn ol the slemeula. Her* 

Biagnciiiun to aluminium. So also the valency or alonucity leapa directly from 1 toa lo 
t, die., without inlumediale quanlitiei. and in my opinian it is Ihsaa properties which 
ore the ma«t bnporlaol, and it ia llirir perioJioity whicli forma the lubttanee of the 
iwriudic law. It eipreaaeaIA<]>ni^rIi« o/fAs mal >lein(>iU,>Dd not ol what may bs 
Lsmed their manifaatatioiiB liBuiUy known to hi. The eitemal properties ol element* 
and compounds are in periodic dependence on the atomio weight of the elements only 
becann tbeae oiterual properties ore theraHlves the result of the properlioi ol the real ele- 
BsnU which nnite to form the ' Iree ' elenuuts and IhecompDandi. Toexplain and eipreis 
Iha periodiclaw is U> explain and eipreaa the cause ol the law ol multiple pioporliona, of 
the dillersnce ol the elanumta, and the variation ol their atomicity, aud at tlic ume time 
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1. The composition of the higher oxygen componmit is det«Tiniiie>] 
by the gnmpa : the first group gi'es Rfi, the second B^O^ or RO, 
the third B,0}. &<;. There are right tjpes of oxides and therefora 
eight gtoaps. Two groups give » period, sod the satae type of oxida 
is met with twice in a period. For e.'^naipte, ia the period beginning 
with potassinm, oxides of the compoeition RO are formed by calcium 
ftnd line, and of the compositi<») ROj by molybdenum and tellnrium. 
The oxides of the eveo series, of the same type, have stronger hasjo 
properties thau the oxides of the uneven series, and the ktter as a 
mle are endowed with an acid cbaiacter. Therefore ths elementa 
which exclusively give bases, Ube the alkali metals, will be foand at the 
ooraineiKanrait of the period, whilst such purely acid elements aa the 
halogen* will be at the end of the period. Tlie iuterial will be occu- 
|ned by intermediate elements, whose character and properties we shall 
afterwards describe. It must be observed that the a<:id character it 
diiefly proper to the elements with smoU atomic weigbls in the uneven 

lHa>«HtathiDk tliat tl>alia«l>UBOiT«taiiucbxtheuliiIlei[>Usat»B.udlbBat 
think tiat il viU mow bcfon Uw u^uutua of ndi ■ primiHy lAw of natnrv u llw li« 

%X will ao4 bt out at jttta ben Is tont our ■lunliu'i to Uw nunj-liSti wmbUoa 
uutiiiC b et »« m llw a a iea mp euhla elemnli and thi eompoywd tarton Tuiirlia, 
wUdi hu loBg bca* nBwtktd (PvUenkotci. Dainu. uid oihcn), tai ncoiwdcnd ia 
UMBt Obm bj CUmDajr C18M), ud mort otiginDj in Pelo^u'* woA (IBtt) <m tb* 
pnaciplca el tb* periodic ijitta. Ptiofiitt ompu** tht iom eatiUiniDg eghl hjdiD- 
eH)MmnidiclM,C.H,..,.C.HvAe,loiiutww,C(Ru.CVH,BC^i>,C,HKkC,HhCtH» 
C^3. ind CbHa — vUb IIh Hria of lb* ■^■■"-** AnsAgod in vicht i^tYHipv. Tb« uiAlogy 
ift pATIieiilBjl J (IcAr oving to theprofitrtj of C^Bi^'i lo combine with X, l}iaa raa ch tm 
wtiBKli«B, Kfid dI tb* toUovinc meobcn wilb Xf , ]C} . . . X^. uid erpecUHj beeiQte dieoB 
aMioUowedbj ukuomAtio rmdiclt — Iqt «unp1e,C«Ui — in which, u ia vrU knovo, ^any 
el Iho pnpeliH ot Ibe Ktamled ndide CtHa uv npealed. ind in pacticslw Uk poww 
ol luminG * univalent nkdiete A^ein Appev^ Fek>p>dAj thovt a confimAtus ol Aa 
pAgillel ia Ibe prc^Mrtj of tbe Aboro r Adicl ei c4 givia^ OTjgoi eoDpooDdt comqio&dtiic 
with Uw (ToaipA in lb* periodu (jvtaai. Tbm tb* bjdrocAtboa fAdidu of tk< Gni enrap 
— ft> bulaaa, C(Hu or C,H(— gin endaaof tbabtn 8,0 Aad fajdlDiidet BHO. like (ha 
■MUl* o( tb* alkAlii 1 aad (b lb* lUtd gTo«v IhcflvB oxide* B|f>, ADd bfdHte* RO^ 
Foe enampla, is tba aanaa CHjtheeonvipoQdiiicHiapaandADf Ibetbii^gn^up wiUbelh* 
Slide (CHliOi ar CAOj—Uut i^'onue ubrdride *iid hr^nte, CHO,E,oi lonaie *d& 
la Iha liiUi gnup, with * eoaiuaiUoB of C^ tb* (udda SO, urOI be Cfi^ Aod brdnd* 
CIt«Or-t)»t i^ AliD A hibaaie acid (oaalie) nnnbliag n)[itKiiic *i ' ' 

idit. AH** Bppl))a( hit fiewilo a DOBbef ofoffADia eoiapoiiii' 
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■erlea, wbilst the bouc cLaracter u exhibited by the heavier e 
in the even series. Hence elemoDts which give ocidg chieQj predomiDatft 
among the lightest (typical) elemeuto, cepeciall) in the last group* ; 
whilst ths heaviest elemenU, even in the last groups (for instance, 
thiLllium, urnnium) have a Wio character. Thus the basic and acid 
cbaract«rsal the higher oxidoa are detoroiinetl (a) by the type of oxide, 
(&) by the even or uneven series, and (c) by the atomic weight."'''' 
The groupB are indicated by Boman numerals from I. ta VIII. 

£. The hydrogen compounds beiag volatile or gaseous substancea 
which are prone to reaction — audi as UCI, UgO, 11, N, and UjC '^ — 
are only formed by the elccaents of the uneven series and higher groups 
giving oxides of the forma RjO,, B0„ RjOg, and RO,. 

3. If an element gives a hydrogen compound, RX,, it forms an 
iirfano-tnetaUie e[ini;>ou)M^of the tame composition, where X ^C„Hi.,ti 
that is, X is the radicle of a iaturuted hydrocarbon. The elcineota ol 
the uneven series, which are incapable of giving hydrogen compounds, 
and give oxides of the forms RX, RX„ RXj, also give organo* 
metallic compounds of this form proper to the higher oxides. Thus 

» n. Troo ptni^dci (i« Not* T), like HjO„ BlOj, SjO, (Clinplet XX,), mu.l not b« 
coninied villi liiw nliii* oiidB «vea it lb* Ultac ocniteiii niueh aijf^ (for inatuioc, 
M|0HCiO„&<!.)>lUH>Dgl>onauidU»atb«iiuilyDiidiu. Ths diftcrsnea bttwon Unm 
il Hcn ID their (undnmentil propvttiM: Lhc hUdo OIId» ixureiptiud la water. wbil» Ui* 
ptTOkidei correBpoDd in tlitir reiutioDi uid origin to peroiidA of bjdtogea. Tbia Jl 
•Uatlf wan in Iha diffsniioe bstwwn Na,0 ud Hil,0, (Chiptor XII.|. Therelme ths 
pannidn ihould il» have their pariodicily. An clement R, giving il higheai dagreo dI 
midotioa. HiO., imijgirebathtiower degie«D(aiidiilii>Q,RiO.-n [wlieta m i> cTiduillji 
InsthBinR), vidiWTQiiJei, RiO,i.,, RiO..],« even mors oifgeo. Thiiclui of oiidct, 
la whieh nttenUon hu only recenUT been turned (Bnthalot, Plccinl, Ae.),B>]r pedupf 
ea tailbu itudj gl*D li» pouibililj of gsnenliiing the c^ahiUt)' of tb* •loiaSDla to giv« 

■honld in tb« a«r fntnrs be (be fleld ol nei> uid importunl dlBCoierlea. And in conteni- 
ponfj diemiitrj, kftlU, kftline ojddei, bjdrogen coupoujidrs ind other combinAtione of 
tbe elevenU ootreBponding to them conatilnle &n iiupoEluil uid vury oompln irrableui 
for genenliuUon, vhicb is tatiified by the periodic law in its present form, to which il 
bMrifen ItoniittErBt itito, in obieh ilgira Ihomeui a[ foruecing (]» Utec on) ths 
etiitenc* ol nnkaoien element* (Go, Sc, uid Oe), tbeir properliei, ud muiy ileUiit 
rcipecting Ibgii compound!. Dotil thms ImprOTements In the puiodic ayatam which 
h»>e been propoted by Prof. Flivituliy (o( Kuw) ud FiDf, Hupentb (of Cordobe, in 
the Arf^ntina Repabb'c). Cgo Atrial (Italy)i and ollieia give unilar pmcLieaJ reaultf, I 
think it unneCDasary to diaeUB^ them Fnrther. 

■' The hydrides genenJiBed by Lha paiiodio law are th«e to which melaUo-orginlo 
componuds correnponi) , and Ihey are Ihemaalvct either VDlitlleargasiioui. Tbe h)dia|;ea 
cempoUHda like Na^H, BaH, Sic. are diitlnguislied by olher aigna. They teicuibls 
■Itoya. Tbey show {tee end dI last chapter! ■ eystemalic bumony, bnt tliey evident])- 

Monover, ancb taydridei have, like Ibe peroiidea, only lecenlly been inbjected to 
' , and bare been but little itadied. The beat known ol theae compoonda an 
Uh IVtb column ol Table ni., and il will be ann that they nlrcady nhibit a 
periodicity of pcopntiea and composition. 
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line farms the oxide ZnO, salts ZnX„ and dnc ethjl Zd(C,Hj)^ The 
elentenU of the even series do not seem to form oi^aao' metallic con- 
pounds at all ; at least all eObrts for their preparatioa have as jet 
been fmitlese — for instance^ in the ctue of titanium, drcouJDUi, or 

i. The atomic weighbs of elements belonging to contigaons period* 
diOer approximate!; by i5 ; for example, K<Hb, Cr<Mo, Br L 
But the elements of the typical scrius show much smaller (Uficrences. 
Thus the difference betweeu the atomic weights of Li, Na, and K, 
between Ca, Mg, and Be, between Si and C, between S and O, and 
between CI and F, is 16 As a rule, there is a greater difference 
between the atomic weights of two elements of one group and belong- 
ing to two neighbouring »erie« (Ti-Si = V-P = Cr— S = Mn-Cl 
= Nb— As, &c. = SO) ; and tbisdifferenceattainsa maximum withtha 
heaiiest elemenU (for example, Tb-Pb = 26, Bi— Ta = 26. Ba-Cd 
= 25, ic). Furthermore, the difference between the atomic weights 
of the elements of even and uneven aeries also increases. In fact, the 
differences between Na and K, Mg and Ca, Si and 11, are less abrupt 
than those b(>tw^en Pb and Tb, Ta and Bi, Cd aud Ba, iic. Thus even 
in the magnitude of the differences of the atomic weights of analogous 
elements there is observable a certain connection with the gradation of 
their propertiea. ' ' '■'• 

9. According to the periodic syat«m every element occupies a cer- 
tain position, determined by the group (indicated in Roman numerals) 
and series (Arabic numerals) in which it occurs. These indicate the 
atomic weight, the iinalogiies, properties, and type of the higher oxid<^ 
»nd of the liydrogen and other compounds— in a word, all the f-hief 
quantitative and qualitative features of an element, although there yet 
remain a whole series of further details and peculiarities whose cause 

II Ik iph( telitloD bctwHD Itu atomic wclghU, sud cip«iidly lliediaEtcace'lA. ma 
ebttrTid In the >!■ th ind tevwith il«nd« al Ihia ccnluty bj Dumu, Pel tcnkufer, !>. Uojar, 
and oihcri, Thna Lulhu Ueyer In 1864, loUowing Dniaii ud ottien, grouped lugetlMr 
Uw laLmntlfBt ■lumil* cubon uul tlUcun; tba liiitlant alimanti nitio 
aiwnle, aBliRion]!, udblimoth; th« blrtlnt oxh™! •ulphiu, Hleoiair 
U)« unlvslul BuorliK, chlarlne, bromiiw, ud Iodine: Ibe tmlnlent 
sodioin, pouulnm, rubidium, cMiom, ud UutlliBoi. wid the biident c 
migntiinn. ilrontluin and buiua>-«bHrrinK tbit in Um flnrt tbe diSeniDu ii, in gennal 
••lfl,lnth*HcaDd>boiil-4a,uullheliul>bant-ei-»0, Tbe Hnl germ* ol tba ptrjodis 
Uw u* Tltlbl* la tuch obHmtiOMu thei*. 8ince itt cttabUilunent Ihit utj«ct hat bMB 
m«M loUj *ait*d out b; Rldbarg (Note 10), irho abMrrtd ■ periodiFity in Iha vuialioa of 
Ih* difliraooat batWHn Iha Momlo vaighii ol two contigaoai alameni*. and id nlalion t» 
Uwii atoBleilT. A. UataroB IISSTI InvHtigalid the aama lubjeci. taking, not the ahlh- 
oatlDal diftttancM of conlltuoni and analogoai alcmiHita. bnl Iba lalm ol their atomja 
•>al|hU: and ha klH obaimd Ihil thii ratio aUamatoly ritet and lUli with Iha hte ot 
Ihaatomia valghta I will ban nmark Uiat theralatlonidtha eighth group lothaolhen 
■III ba CMialdarad (t tba and ol thla voik in Cb^ilai XXII. 
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abould pcrliiips be looked for in uiiall diUcrences of the atomic weights. 
If in a certain group there occur elements, R , R,, R,,, and if in that 
series which contains one of thesa elenienta, for instance Rj, an 
element Qg precedes it and an element Tj EUccecds It, then the pro- 
[lerties of B) ai'e determined by the properties of R,, Rj, Q„ and Tj. 
Thus, tor instance, the atomic weight of Rj = {(R, + Rj4-Q,+T,). 
For example, selenium occurs in the same group as sulphur, S = 32, and 
telluriuio, Te = 125, and, in the Tth series As = 7fl stands before it and 
Br = 60 after it. Hence the aloniio wei^-ht of selenium should be 
J(32 + l25+75+80)=78, whithisnearto the truth. Other proper- 
ties of selenium may aUo be determined in this manner For example, 
arsenic forms U,As, bromine gives HBr, and it'is evident that selenium, 
which stands between them, should form HjSe. with properties in- 
termediate between those of HjAs and IIBr. Even the physical 
properties of selenium and its conipounds, not to apeak of their composi- 
tion, being determined by the group in which it occurs, may be foreseen 
with a close approach tn reality from the properties of sulphur, tellurium, 
arsenic, and bromine. In thu manner it u poitible to foreteU the pro- 
perliet qftlill iinknoifti elcmcntt. For instance in the position IV, 5^ 
that is, in the IVth group and 5th seriee— an element is still wanting. 
Tliese unknown elements ni^ty be named after the pieceHing known ele- 
ment of the same group by adding to the first syllable the prefix cka-, 
which means ont in Sanskrit. The element IV, 5, follows after IV, 3, 
and this latter position bcinp occupied by silicon, we call the un- 
known element ekasilicon and its symbol Es, The following are 
the properties which this element should have on the basis of the 
known properties of silicon, tin, linc, and arsenic lis atomic weight 
is nearly 73, higher oxide EsOj, lower oxide EsO, compounds of the 
general form EsX,, and chemically unstable lower compounds of the 
torm EsX,. Es gives lolatile organo-metallio compounds— for instance, 
Es(CHi),. Es(CH^),CI. and Es(C,Hj)^, which boil at about 160'. Ac, : 
also a volatile and liquid chloride, EsCli, boiling at about 90° and of 
•pecific gravity about 1'9. EsO, will be the anhydride of a feeble col- 
loidal Boid, metallic Es will be rather easily obtainable from the oxides 
and from K,EsP, by reduction, EsS, will resemble SnS, and Si9„ and 
will probably be soluble in ammonium sulphide : the specific gravity 
of £s will be about S'5, EsO, will have a density of about 47, iid. 
Such a prediction of the properties of ekasilicon was made by me in 
m71, on the basis i>f the properties of the elements analogous to it : 
IV. 3, = Si, rV, J = 8n, and also II, fi = Zn and V. 5 = As, And now 
that this element has been discovered by C Winkler, of Freiberg, ib 
lioa been found that its actual properties entirely correspond with those 
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which were foretold." In this we see a most important confirmfttion 
of the truth of tlie periodic law. This element ia now c«lted ger- 
manium, Ge («« Chapter XVIII.) It is not the only one that has bean 
predicted by the periodic law." We shall see in describing the elementa 
of the third group Ih.it properties were foretold of an eleuent aka- 
aluminium, III, 6, El = 68, and were afterwards verified when th« 
metal termed ' gallium ' was discovered by De Boisbaudran. So abo tha 
properties of scandium corresponded with those predicted for okaboroo, 
according to.Nilson." 

<> The Uwi dI nilun admll si do •iteptloni, tnd in thli they deurly diflsr tram 
Utch rule* aad muiou u >rs found in gnmmu, uid dUwc inventiona, metbodi, «t'iI 
nUtiooa of mui'a cceullou. The canHmullon of n [nw i> only pauiblc by di ' ~ 
•onHqnancn tiDoi it, aaoh ■■ could not po>Bib1y be Foreseen without it, ud by red^ 
Uuaa oenwqiuuieog by eiparinuinl and tDither proofi. Thenlors. sbon I eonoalved Hm 
periodic Uw, 1 (leOS-lBll. NolA 0) deduced luch lDgi»l conuquoDoca from it u ooold 
MTve to ahow whether it werg ti'ue or not. Among: them wu the predietlm of th* 
propertiei ot luutluoTeied elements snd the correction o[ the atomic Heights ol muj; 
uid si thai lime Utile hiionn. elemenlA, That unniuoi wis considered is Iririita^ 
Ui^iaOl bgl UBUch it did not correqioad with tlie periodic law. 1 tlieref oiv propoasd to 
double its atomic vreieht — U.<340, (Lud Itie reHsrciics of Roncoe, Ziuuucrmsna,sndotfa«i* 
jnsliaod thi> nJlfitstion (Chapter XXI.). It wu the ume with cerium (Cliaptsr'XVin.) 
(vboH st^unio Weight it w&h necessary to cbange sccofding to the periodic taw, 1 tharvfos* 
determined Its epoclSc hcat,t>nd the retnlt 1 obtuoed was veriflpd by the new detvc- 
otlnationsot Hi]lebra.nd. I then corrected certnin lorniulB of the cerium oompound^ 
and the reieuohei ol ttunmeliberg, Bniuner, Clere, and athera (ariflsd the prspo«ad 
■Itaration. It was nsoeiaaiy to do one or the othsf-eiUier to oonsidor the icriodlii Isw 
•a complstely tme, and as forming a new instrument in chcmic&l rewareh, or tor«liitalk. 
Acknowledging the method ot eiperiment to be the only true one, 1 myislt T«ciflwl whal 
I could, and gave B'sry one the poiiibility ot pnTing or couBmiing the Uw, and did a«t 
Ihlnk, like L. Meyer (Liebig'i ArmaUn, Supt. BandT. lB7g, SM), when writing aboaith* 
{Wriodic taw that ' it wonld be msh to clisnge tbe soceidad ttomlo weights on tlks basil ot 
■0 uncertain a atuiing-point,' (' Es wUrde voreilig sein.saf eo onaichero AnIiBlUpunkta 
llln elne Ainderung der liisher angenomnieneii Alomgewichte Tonmnshmen.') Ia Of 
opinion, the basis oflereU |}y the pBriodie taw b4d to be veriAed or refg ted, and esperiuiBBt 
la every caM veciBed it. Tlio starting-point then becune general. No l&w of natur* OM 
In cstiblishod without inch a method ol leaUng it. Heithcr Do Cbaocouitols, to vbon 
tbe French ascribe the discovery ot tlie periodic law, nor Newlands, who ia put Icrwardlqr 
lbs English, nor L. Mayer, who u now dl»d by many as its tounder, ventured to toMjl i 
iIm prvptrlia of undiscovered elements, ot to alter tbe ' ssceplsd atomio weights,' oi^ ta j 
gsneral, to regard the periodlo Uw as a new, alrlctly sstabliBlied Ian of nstute, as I dlA 
from ttie very beginning (IBW). 

•* When hi 1871 I wrote a paper on the spplication of the periodic Uw to the d«(M. 
Btlnalianof the properties of hitherto undiuuve red elemen la, I did not think I ihouldlita 
lo sea ttie verification ol this conscquonco ot the lan.but such vai to ho the case. Thra* 
•lemeals were described— ekaboron, akaalamlnium, and akasil icon— and now, aftw the 



Qamed OaJliam, Scundium, and Germanium, eftar tliosc throe cc 
ntnerali containing them are fonud, uid when they were diaco 
ngard L. de BoiabaDdnui, NLUoa, and Winklar. who discovered tha 
•Drroborvlon ot th* perlodii Uw. Without them it would not bs 
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6. As a true kw of nature Ja one to which there are no exception^ 
tho periodic dependenco of the properties on the atomic weighta 
of the elements gives a neiv mean» fur deUrmining by tlte tqtiiva- 
lent the alomie weight or atomicity of imperfectly investigated but 
known elements, for which no other means could as yet be applied 
for determining the true atomic weight. At the time ( 1669) when tho 
periodic law was first proposed there were several such elements. It 
thus become possible to learn their true atomic weights, and these were 
veriBed by later, reiuarches. Among the elements thus concerned were 
indium, uraniura, cerium, yttrium, and others.'^ 

7. The periodic varlnbilily of the properties of the elements in 
dependence on their masses presents a distinction from other kinds 
of periodic dopendence (as, for exAmple, the sines ol angles vary 
periodically and successively with the growth of tho angles, or the 
temperature of the atmosphere with the course of time), in that Ihe 
weight! ot the atoms do not increase gradunlly, but by leap:} , that is, 
according to Balton's law of multiple proportions, there not only nro 
not, but tliere cannot be. any traosilive or intermediate elements between 
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U indium only Isrmed >n oxide. RO, ■( iliould be plaeed In group 11. Bui in tliii 
Mae il ftppHxt Uul th«n would be no pUce for indium in Ihe lyitem ol the elemeiita, 
bMkU» the potiliont 11., I b Zn » SG uid II., 6 = Sr - 81 were ■Iready occupied bj 
known eleioKnli, and mcotding lo llio periodic law in element with la alomie weiglit 7B 
eoiitd not br bivulenl. At neither llie VEpoor deniJty nor tIi»epociBc beat, nor even tha 
IsainntplilBm (the talti of indium cr^iltllita with gnat diCHcolt;) of Ihe couiponnda ol 
Indium were known, there w*s ng rcuon lot oiniideriug it to b« & bivalent metal, end' 
thenfore it might ba regarded a* tiivalent, qaadriialent, let. It it be tiii-alent, tLen 
tpBSj>S7'7^11S. aod the eompeeition of ti» oxide it In^Oj, and of lit lolti InX^^ la 
Ifaitcue it St once talli into it* place ui (ha lyitein, namely. In group III. and 7lh 
Mrlai, between Cd^llS and SU'^llS, IB an ualiitiDB ol alaminiiun or dTialumi]iiuui 
(dri >■ a in Butktit), All tba propertie> abaerred in indiam comipond with ttiia 

propeitie* of the oiidei CdO, IniO^ SnOi, (UcceBsiTsly varr, >0 that the propeitiei of 
ln,0, are IntermediaU between thoK of CdO and SnO, or Cd,0, and Sn^O,. Tlut 
indium belong* t« group III, ha> been confirmed by the determination of itaipeciflc heat, 
(D-On according to Bunien, and OOSB according to me) and aUo bj the fact that indiam 

The nine kind of conaiderationa nwwBeltated Uking the alonio weight ol litunium 
•1 aatilj te, and not ai Gl, the flgDrc derived trom mm; analyisi. And both (lisM 
torrecti^i. made on the baiit ol the law, haie now been confirmed, far Thorpe found, l>j 
■ leriea of carelel eiporimmti, the atomic weight of titanium to be that toreuen by the 
piTiBdio law. Notwithttandiiig that prerioDa analyaei gave Oi^^lWT. Ir-I9e. and 
Ft -1S7. the periodic law afaDWa, a> I remarked in 1871, that the atomic welgbtt ihould 
nu from ounlain to phitinum and gold, and not fall. Many recent rewanbei. and 
mpedall; tlioas ol Seubert, have lull; veriBed thii alatemenl.baiedou the law. Thai a 
antlcipalet lade, loretella magDitade*. gives a hold on nature, and 
bada to impiavtmenta In the methode of teeaanh, dM. 
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two neighbouring onea (for example, between K = 39 and Ca = 40, t 
At s 27 and Si = 38, or C = 12 and N = 14, &C.) As in a moleonld 
■of a hydrogen compound there may be either one, u in HF, or two, u 
in H,0, ort!iree,aEin KH,, i&c.,Bt<imB of hydrogen ; but as there coanot 
be molcculos containing 2^ atoms of hydrogen to one atom of anotlier 
«lement, so there cannot bo any element intenoediate between N tuid 
O, with an atomic weight greater than 14 or less than 16, or between 
K. and Ca. Hence the periodic dependence oi the elements OAnnofc be 
expressed by any algebraical continuous function in tlie SEime way thftt 
it is possible, for instance, to express the variation of the temperatnn 
during the course of a day or year. 

8. The essence of the notiona giving rise to the periodic law ooo- 
aistfi in a general physico -mechanical principle which recognise* ibB 
correlation, transmutability, and equivalence of the forces of nature. 
Gravitation, attraction at small distances, and many other phenomao* 
are in direct dependence on the mass of matter. It might therefore hava 
been expected that chemical forces would also depend on mass. A do- 
pendence is in fact shown, the properties of olements and compounds 
being determined by the masses of the atoms of which they are forlned. 
The weight of a molecule, or its mass, determines, -as we have eeen, 
(Chapter VII. and elsewhere) many of its properties independently ol 
its composition. Thus corbonio onide, CO, and nitrogen, Nj, are two 
gases having the same molecular weight, and many of their properties 
(density, liquefaction, speciiic heat, &a.) are simitar or nearly similar. 
The differences dependent on the nature of a substance play another 
part, and form magnitudes of another order. But the properties of 
atoms are mainly determined by their mass or weight, and are In 
dependence upon it. Only in this case there is a peculiarity in the 
dependence of the properties on the mass, for this dependenea i$ 4a- 
termined Ay a periodio law. As the mass increases the propertiM 
vary, at first successively and regularly, and then return to tbdr 
original magnitude and recommence a fresh period of variation like 
the first. Nevertheless here as in other cases a small variation of the 
moss of the atom generally leads to a small variation of properties, mmI 
determines diO'erencea of a second ordet. The atomic weights of cobalt 
and nickel, of rhodium, ruthenium, and palladium, and of OBmium, 
iridium, and platinum, are very close to each other, and their propertiaa 
are also very much alike— the differences are not \ery perceptible. 
And if the properties of atoms are a function of their weight, 
many ideas which have more or less rooted themselves in chemistijr 
must suffer change and be developed and worked out in the sense of 
this deduction. Although at first sight it appears that the c 



r 






OEOUPING OF THE ELEMENTS AND TITE PERIODIC LAW 29 

fllements ar« perfectly independent and individual, instead of this idea 
of the nature of the elements, the notion of the dependence of their pro- 
perties upon IhHr iruua must now be established ; that is to say, the sub- 
jection of the individuality of the elements to a common higher prin- 
ciple which evince^ itself in gravity and in all physico- chemical pheno- 
mena. Many chei^ical deductions then acquire a new sense and signi- 
ficance, and a regularity is oliserred where it would otherwise esoapo 
attention. This is more particularly apparent in the physical proper- 
ties, to the consideration of whichijwe shall afterwards turn, and ve 
will now point out chat GuatavBon first (Chapter X., Note 28) and 
subsequently Potilitzin {Chapter XL, Note G6) demonstrated the direct 
dependence of the reactive power on the atomic weight and that funda- 
inental property which is expressed in the forms of their contpounds, 
whilst in a number of other cases the purely chemical relations of elo- 
inentB proved to be in connection with their periodic properties. Aa 
a coso in point, it may be mentioned that Carnelley remarked a depen- 
dence of the deoomposability of the hydrates on the position of the 
elements in the periodic system; whilst L. Meyer, Willgerodt, and. 
others established u connection between the atomic weight or the 
position of the elements in the periodic aysl^m and their property of 
serving as media in the transference of the halogens to the hydro- 
carbons.'* Bailey pointed out a periodicity in the stability (under the 
action of heatj of the oxides, namely : (a) in the even series (for 
instance, CrOj, MoO„ WOj, and UOj) the higher oxides of a given 
group decompose with greater ease the smaller the atomic weight, 
while in the uneven series (for example, CO,, GeO„ SnOj, and PbO,> 
the contrary is tlie case ; and (6) the stability of the higher saline 
oxides in the even series (as in the fourth series from K^O to 
Mn,Ot) decreases in passing from the lower to the higher groups, 
while in the uneven series it increases from the Ist to the IVth group. 
Mid then falls from the IVth to the Vlltli ; (or instance, in the series 

" K«y*r, Willgerodt, *nd ollieti. guided by tbo ful thil OuBtavtsn and FrIsJel hid 
timivlied tint latLiilEpBii rB,pidlf pincgedi in lbs preunceol ikluiiuniiuQ. inveitignted 
thi ulion d( nflsily all the elements In lhi> nipect. For eivuple, Ihej look benuna, 
sdded tbe metHli to bg aipcrimenlcd on to it, uid pKBted chlorine Uuougb the liquid ia 
diDoHd light. When, tor instance, godiaili, polHiluni, btrlum, Ac. ue Uk«n. there I* 
na«ctiori on the benzene; thftt ii, hydrodiloric ftcid ia not dJA«ngHgod; bat ilaliuniniaiu, 
gold, or, [n gecenl, uif mettl having thi* power of liding chtorinBllan (HaJogen- 
UbcTtiaget) u tmplojed, Ihsa tha ustion i* olurlj Hen from Ilia •olomei al hjdro. 
Cbloili: acid CTolved (eapeeialljr if Ui« metallic ohlotlde roimed ia Kluble in bauena). 
Tbut, in group I., and in general unong tha even and light elemenle, there are none 
capable ot Hiving as agenti ol melalepaia; but aiumiaium, gaUlum, Indium, astimouj, 
d iodine, which ace conligaoni mamban In tbaptriodloajileni.arpaicallant 
(csrrien) of the lialogeni. 
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Ag,0, GIO, In,Oj. SnOi, and then SnO„ SbjO,, TeOj, 1,0,. 
K Winkler looked for and actually found (1690) a dependence betweea 
the reducibility of tlie metals bj uiEignesiuDi and tlieir position in thfi 
periodic system of the eli'OienLii. The greater tlie attention paid to 
this field the tnoro often is a. dislinct connection found between tha 
variation of purely chemical properties of antilogous Bubstunces and 
the variation of the atomic weights of the constituent elemenls and 
tbeir position io the periodic system. Besides, since the periodic 
system has become more firmly established, many facts have been 
gathered, sliowing that there are many similarities between Sn and 
Pb, B and Al, Cd and Hg, &c., which had not been previously obeerved, 
although foreseen in some cases, and a. consequence of the periodic law. 
Keeping our attention in the same diroction, we see that the mosb 
widely distributed elements in nature, are. those with small atomw 
weights, whilst in organisms the lightest elements excluEi^'eIy pre- 
dominate (hydrogen, carbon, nitrogen, oxygen), whose small mass focili. 
tatcB those trai^sformalions which are proper to organisms. Polula 
(of Kharkoff), C. C. Botkin, Blake. Brenton, and others even discovered 
a correlation between the physiological action of sails and other re- 
agents on organisms and the positions occupied in the periodic sy&tem 
by the metals contained in them:" 

As, from the necessity of the case, the physical properties must be 
in dependence on the composition of n substance, i.e. on llie quality 
and quantity of the elements forming it, so for them also a depend- 
ence on the atomic weight of the component elements must ba 
expected, and consequently also on their periodic distribution. W* 
■hall meet with repeated proofs of this in the further exposition at 
our treatise, and (or the present will coJitent ourselves with citing 
the discovery by Camelley in 1879 of the dependence of the magnetitt 
properties of the elements on the position occupied by them in the 
periodic system. Carnelley showed that all the elements of the «i»fi 
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■soIrqIh. For tliii reuon tha parlodi, nhich aia cleulj uid quila dutincllf 
•ipnaaad— lot loala&BC, In Iha (onni al coaibliution— becoma to xnna citant iavolnfl 
(complicalad] fn tha phyitcal propertiai ol Uieir mernban. Thua, far inttuHC, buidaa 
(In wnnriBin and minima cotnMponding with ths (wriodi and group*, now molMolaa 
m ragarda the noUing^paint of ganiianruin, a local niaiiniuin appaaf*, 
wbich WH, hovavcr, foroacon bj the pariodic law when ti» piopcrtJH ol gannaniam 
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*eria (beginning irith lithium, poUssiuni, rubidium, ca'iium) belong 
to tlie number of magnetic (pnramagDetic) Bubitanaes [ for example, 
according to Furaday and others,'"''' C, N, 0, K, Ti. Cr, Mn. Fe, Co, 
Ni, Ce, are magnetic ; aod tlie dements of the uneoen mnea art 
diamagnelic, H, Na, Si, P, S, CI, Cn, Zn. As, Se, Br. Ag. Cd, Sn. Sh, 
I. An, Hg.TI, Pb, Ei. 

CameUej also showed thnt the meliiiuf-poinl nf elements varies 
periodically, as isseen by the figures in Table III. (nineteenth column).'^ 
where all the most trustworthy data are collected, and predainiaancA 
is given to iboae having r- 



Uoce. tha •ittlogua ol PI) ■ridbb 
'tdoobtfril IprohabI; paiClf Dwlng lo 
la lm|ierf«ct ptuitj ol On itM^cntt uD(l«r invaiUgitliin). Tbu tubjecl hu buo ilndied 
Id nme detail bj Bteluiutisa id 18Sa. 

'• 1( <( evident U»l diid]' of the flguiet, eipecijJlT thou ci^cLyliiig 1000°, tmve boen 
dntcnmud with bat littJe euelilad*, uid m 
hiis only |iT«i on th* buii ft roagh u 

Uw maltiBK-polDt* of tiliet and pUtiaom, now uUbliibsd bf Buny oWrverg. 
Table nU b«tid« the Uif* penade wbou ""'—^ coReipond with oubon, tilicon, 
lituiinm, rtftheninm (?). and osniam (?). Ihen ua ulio tnull period* la th* milting. 
(vinta, uid Uieif maiima nneepond with iDlphiiT. anenio, witimiiDj. The minima 
ootietpond with tha halogaiw uid netala of tha alkalia A diatind petiodicitj is oIbo 
aeon IB taking the coelBoieaU of linear eipanBon (chiefly aoooidiog to Fiaean); fo( 
tn«tance, in tha Tartioj uriae [acooiding to the magtulnde of the atoi&jo w«ight), Fe, 
Co, Ni. Cn. tha Ilaaar eipaaiiOB in milUxath* at no inch 919, IS, 17, and 3»: J»i Rh, 
Pd, Ag, Cd, In, Sd, and eb tha eoeffidenU an 8, II, 1«, Bl, tn, M, and 19, ao Ihst a 
'idatla. InOiaterieaIt(7),PI|5),AD(lt),H|;((!0),Tl(91),Fb|a3), 
asd Bi (11), tha nuiiaaia 1* at tig aad ths minimum at Pt. Raoul Pictet eipreswd 
thii ooDneellon bj the fast that he taond the {"vlnet a(f t31S)vX''d to be. neatly 
oonttanl tor all (leuaat* in tha Irae rtala. and nearly aqoal Is DOIG, and b«ng the ca- 
•Ccieat of lineu etpaoaioD, I + 9T9, tha melting-poini 

(-373'). and VA7iI, the mean diitance between the atoma. if A i* the aloinic weight nnd 
j the ap. gi. ot an eJenanl. Althongh Iba abme piDdoct ia not ilncilj coniiluit, never. 
u Pielet'anila gireaan idea of the bond between maf^todaa which otight to havo 
h each othpr^ T>e Heen, Nndeaefadin, and others also itudied 
thiB dependence, but their dednctiont do net give a general and exact It^w. 

omparing the mcltidg puinlt ol Iha 
: chloridea, many of which ha~ redetermined for Ihia pnrpuw. The mcUing.potnta 
qling-pointa, in faracketa) of the following chloridea are k 
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weij^htu,'^ '^ but at present only a few are known with any complete* 
neu, and we will only refer to the one which is the inoGt easily and 
frequently determined — namely, the tptcific gravity in a solid and 
liquid state, the more especially as its connection with the chemical 
properties and relations of eubstaoces is shown at every step. Thus, 
for instance, o( all the metals those of the alkalis, and of all the non- 
metats the halogens, are the most energetic in their reactions, and thej 
have the lowest specific gravity among the adjucent elements, as is seen 
in Table Ilf., column 17 Such are sodium, potassium, rubidium, 
ccsiuu) among'the metals, and chlorine, bromine, and iodiueamong the 
non-metals 1 and as such less energetic metals as iridium, platinum, 
kud gold (and erea charcoal or the diamond) have the highest specifio 
gravity among tJia elements near to them in atomio weight ; therefore 
the degree of the condensation of matter evidently infiuences tbo 
course of the transformations proper to a, substance, ond furthermore 
this dependence on the atomic weight, although very complas, is of A 
clearly periodic character. In order to account for this tosomeeztent, 
it may be imagined that the lightest elements ore porous, and, like • 
sponge, ai« easily penetrated by other substances, whilst the heavier 
olementB are more compressed, and give way with dithoulty to the 
insertion of other elements. These relations are best understood when, 
instead of the specific gravities referring to a unit of volume,** the 
atomic volumet qf ike e/emenli — that is, the quotient A/d of the atomio 

dniunrtUM i* prgUbly wnocotcd vith tb* («« Uwt chlorino, bromins, luid iodiiM tn 
Boinluit alamut*, wd oij-grn bivalent (conipue, rot Initonce, Chsptci XI.. Note U^ 
Chuptat XXH., Rote 40, Chapter XXTl.. Nolc W "••. Ac.) 

Kajw (isn), in InvMtigiliiig lb* ipHtn of ttae illuli metals and metata ot the 
Slkaline eaiUu, CSBW to the cooctuiion that in Ihii n>|ieot al» tfaaro li ■ regalarilj al 
• lAriodio cbanctcr in dependeDce upon the atomic weight!. Ptobabl; a cldaar and 
■jrttcmatic itady of maiijr of the pTopvrtie« of the ftlemenbt aod o1 eomplu and simpls 
bediei lormad by them wdl more and more freqaentty lead to limilar coiwlDuaa*, and io 
nUddiag tb* nuige ol application ol the periadio law, 

"»• Ptob*b1;,beud«thermD-chemicatdaU|NutfllB),thei^nuli'eindei.cobauoii, 
dactility, and limilai pnipeiiiM ot coireiponding sompounda oi ol the elementa lhem> 
HlTee wit) be loiuid to eihibit a dependence ol the magmtnde of the atomis weight npoa 

" HsTing accused mjiell linoe tbe fiftiea (my diueriatiaa lor the degree ol U.A, 
tDnoaned the ipeeiBo Tolnmn, and ia printed in pnX in tbe Jtutfian Uinin; iTimmat 
(or 18CC) with the prablemi concerning the relationa between the ipeciSe gnTilisi and 
Tolaaei. uid tbe cbemicai compoiitionB of lufailuicei, I am inclined to think that ths 
di(e«t hiiettigation of ipeciSc gravi^ea giTea cHcnliidlj the game rnolti ai lbs 
hieitigaliaa of apeciSu Toliunei, only that Lbe latter are more graphic. Table IlL ol 
the periodic propertiei ol the etementi clear!; Ulnitratei tbit. Thu>, for Ifaosa numben 
*h«a Tolnme ii the gmaleBl among the contigaooi elemenU.the ipecifo grant; i< leail 
—dial i>, the petiodic Tariation of both pmpertiot is equally cTldent. Li paaaing, fix 
lutance, Irom lilver to iodine we haio a ancceauTe decraaae ef ipeciBc gnvitj and ino- 
1 ot ipeciSc volume. Tbe i>uiodl<; alleiaation ol Uw liae and fall ol (he 
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weight A hj the specific ( 



vity H- 



B taken for c 



A«, 



r companEon. 

B actuai mattet 

of a subaLnnce does not fill up its whole cubical conteotB, but is sur- 
rounded by a, medium (etheren-l, as is generally imagined), like the stars 
and planets which travel in the space of the heavens and fill it, with 
greater or less intervftls, so the quotient A /d only expresses the mean 
volume corresponding to tlie sphere of the atouia, and therefore V A/d 
is the mean diala^iee between the eentres of the atoms. For compounds 
whoee moleoulea weigh M, the meao magnitude of the atomic volume iS 
obtained by dividing the mean molecular volume Mjd bj the number 
of atoms 11 in the molecule.'' The above relations may easily bfl 
expressed from this point of view by comparing the atomic volumes. 
Those comparatively light elements which easily and frequently .entec 
into reaction have the greatest atomic volumes : sodium 33, potassium 
45, rubidium 57, cieBium 71, and the halogens about 37 ; whilst with 
tboseelements which eater into reaction with difficulty, the mean atomic 
volume is small ; for carbon in Che form of a diamond it is less than 
4, as charcoal about 6, for nickel and cobalt less than 7, for iridium 
and platinum about 9. The remainingelemectshavingatomicweigbt* 
and properties intermediate between those dements mentioned above 
have also intermediate atomic volumes. Therefore the specific ffraviliti 
and epeeific volumes of solids and litiuida sland in periodic dependence 
on the atomic vxights, as is seen in Table UL, where both A (the 
atomic weight) and <^ (the specific gravity), and Afd (specific volumes 
of the atoms) ar« given (column 16). 

Thus we find that in the large periods beginning with lithium, 
sodium, potassium, rubidium, cKsium, and ending with fluorine, chlorine, 
bromine, iodine, the extreme members (eneri;;etic elements) have ■ 
small density and large volume, whilst the intermediate substances 
gradually increase in density and decrease in volume — that is, as the 
atomic weight increases the density rises and falls, again rises and falls, 
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uid so on, Furthermore, the energy deorea^ea as the density rises, and 
the grealnBt deoaity is proper to the alomicnlly heaviest and least 
energetic elements ; (or example, Os, Ir, Pt, Au. U 

In order to explain the relation between the volumes of the ele- 
ments and of their compounds, the densities (column S) and volumea 
(column M-/s) of aonie of the higher saline oxides arranged in the samo 
order as in the cose of the elements are given on p. 36, For con- 
venience of cocnpariBon the volumes of the oxides are all calculated 
per tvo atoms of an element combioed with oxygen. For example, 
the density of AljO5=4-0, weight AJ,Oi=l02, volume AljOi=2l5-fi. 
Whence, knowing the volume of aluminium to be 1 1, it is at once Heen 
that in the formation of aluminium oxide, 22 volumes of it give 25'6 
volumes of oxide. A distinct periodicity may also be obiierved with 
respect to the specific gravities and volumes of the higher saline oxides. 
Thus in each period, beginning with the alkali metals, the speciSo 
gravity of the oxides first rises, moches a maximum, and then foils on 
passing to the acid oxides, and again becomes a minimum about the 
halogens. But it i« especially important to call ottentioD to the fact 
that the volume of the alkali oxides ia less than that of the metal con- 
tained in tlieni, which is also expressed in the Inst column, gi\'ing this 
difference for each atom of oxygen.^' Thus 3 atoms of sodium, or 
46 volumes, give 24 volumes of Na,0, and about 37 volumes of SNaHO 
— that ia, the oxygen and hydrogen in distributing themselves in the 
medium of sodium have not only not increased the distance between 
its atoms, but hiu-e brought thorn nearer together, have drawn them 
together by the force of their great affinity, by reason, it may be 
presumed, of the small mutual attraction of the atoms of sodium. 
Such metals as aluminium and zinc, in combining with oxygen and 
forming oxides of feeble salt-forming capacity, hardly vary in volume, 
hut the common loetala and non-metals, and especially those forming 
acid oxides, always give an increased volume when oxidised — that is, 
the atoms are set further apart in order to make room for the oxygen. 
The oxygen in them does not compress the molecule as in the alkalis i 
it it therefore comparatively easily disengaged. 

■> The iDlomc □> oijgeii (jadging by tha table on p. Stj la evidently ■ vuikbU quui' 
titj. lomuEg tdiitincdj'periadiotiuiFlian oF the ittomic uoigbt uid type ol lbs aiide. sod 

iatheTolameiotiti eompnuadimiybecouiideredtubu (utile. But lince ■ diitinct coo. 

leii than the valDme in the (ree (Ute ol theelemenlconMmed iolt.ilmlghtl 

« loliil atjrgeu Id » Iteg (t*l« would be iboot OD. 
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s 


M/« 


Volume of Oxjfgnk 


H,0 . . .1-0 


18 


f- 22 


LijO 






. 20 


15 


- 9 


BejO, 






. 306 


16 


+ 2-6 


B2O5 






. 1-8 


39 


+ 100 


c,o, 






. 1-6 


55 


+ 10-6 


N,0, 






. 1-64 


66 


1+ 4 


NajO 






. 2-6 


24 


- 22 


Mg,0, 






. 3-5 


23 


- 4-5 


AljOa . 






. 4-0 


26 


+ 1-3 


SiA 






. 2-65 


45 


+ 5-2 


P«0, 






. 2-39 


59 


+ 6-2 


SsO« 






. 1-96 


82 


+ 8-7 


C1,0, . 






. tl-92 


95 


+ 6 


K,0 . 






. 2-7 


35 


- 35 


CajOs 






. 3-25 


34 


- 8 


ScjOa 






. 3-86 


35 


t 


TiA 






• 4-2 


38 


+ 3 


VaO, 






; . 3-49 


52 


+ 6-7 


Cr,0« 






. 2-74 


73 


+ 9-5 


Cu,0 






. 6-9 


24 


-¥ 9-6 


Zn,Os 






. 6-7 


23 


+ 4-8 


Oa,03 






. ?51 


36 


4- 4 


GejO^ . 






. 4-7 


44 


+ 4-5r 


Ai40, 






. 41 


56 


+ 6-0 


Sr,Oj . 






. 4-7 


44 


- 13 


Y,0, 






. 5-0 


45 


t- 2 


Ztfi, 






. 6-5 


44 





Kb,0, 






. 4-7 


57 


+ 6 


MoOe 






. 4-4 


65 


+ 6-8 


Ag,0 






. 7-5 


3) 


+ 11 


CdjO, 






. 80 


32 


+ 3 


In,03 






. 718 


38 


+ 8-7 


8n,04 , 






. 70 


43 


+ 2-7 


SbjOi . 






. 6-6 


49 


+ 2*6 


TeO« , 






. 51 


68 


+ 4-7 


Ba,0, 






. 6-7 


52 


- 10 


La,0, 






. 6-5 


50 


+ 1 


Ce,0, 






. 6-74 


50 


+ 2 


Ta,0, 






. 7-5 


59 


-1- 4-e 


WA 






. 6-8 


68 


-1- 8-2 


Hg,0, 






. IM 


39 


+ 4-5 


Pb,0, . 






. 8-9 


53 


+ 4*2 


ThA . 






. 9-86 


54 


+ 2 
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As the voiuDies of tlio chlorides, orgaiio-nietalllc and all other 
corresponding compounds, also vary in a like periodic Buccession with it 
change of elements, it is evidently possible to indicate Ihe properties 
of tubstancei yet uninvestigated by experimental uieans, and even those 
of yet undiacQvered elements. It was possible by following tbb method 
to foretell, on the basis of the periodic law, many of the properties of 
BcaadiuDi, gallium, and genusniuiii, which were verified with great 
accuracy after these metaU had been discovered.'^ The periodic law, 
therefore, has not only embra,ced the mutual relations of the elements 
and expressed their analogy, but has also to a certain extent aubjectM 
to law the doctrine of the types of the compounds formed by the 
elements : it has enabled us to see a regularity in the variation of 
all chemical and physical properties of elements and compuunrls, and 
has rendered it possible to foretell the properties of elements and 
compounds yet uninvestigated by experimental means ; thus it has 
prepared the ground for the building up of atomic and molecular 
mechanics. '' 
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6. Hence U fs!m^BsibIe io jadge the yolome of the oomponent mbcUnoet from ibm 
▼olnme of a ooinpotuid, althongb it is possible to do so from the product of tubstitaiioai 

7. The«Bpl»oeitaent of H9 by sodium, Na^ and by baaam, Ba, as wdi a* tha veplaa^ 
ment of 8O4 by Cls, scarcely changes the Tolome, bat the volame increases with tlM 
ceplacement of Na by K, and decreases with the replacement of H^ by Lit, Co, and ICg. 

6. There is no need for comparing volumes in a solid and liqnid state at the ao* 
called corresponding temperatures — ^that is, at temperatures at winth the Tapoar *—»mh 
is equal in each case. The comparison of volumes at the ordinary temperature is taA» 
dent for finding a regularity in the relations of volumes (this deduction was developsd 
with particular detail by me in 1856). 

[ 9. Many investigators (Perseau, Schroder, LSwig, Playfair and Jonla, Baadziinflai^ 

t Einhardt) have sought in vain for a multiple proportion in the specific volumes o( solidi 

\ anii liquids. 

f 10. The trutb of the above is seen very dearly in comparing the volumes of polynknto 

« tabstanoes. The volumes of their molecules are equal in a state of vapour, but ass vitf 

different in a solid and liquid state, as is seen from the dose resemblance of the qpodflo 
gravities of polymeric substances. But as a rule the more complex polymerides ass 

* denser than the simpler. 

' 11. We know that the hydroxides of light metals have generally a ■naUsr TohoBt* 

than the metals, whilst that of magnesium hydroxide is considerably greater, which it 
explained by the stability of the former and instability of the latter. In proof of this ws 
may cite, besides the volumes of the true alkali metals, the volume of, barium (M) whioh 
is greater than that of its stable hydroxide (sp. gr. 4*6, sp. vol. 80). The vdumss of (ks 

•^ salts of magnesium and calcium are greater than the volume of the metal, wi^ tha 

/ single exception of the fluoride jot calcium. With the heavy metals the volume of tlia 

compound is always greater than the volume of the metal, and, moreover, for soph ooni* 
pounds as silver iodide, Agl (d = 6'7), and mercuric iodide, Hgl2(d«>6'9, and the vftlnmf 
of the compounds 41 and 73), the volume of the compound is greater than the sum of tha 
volumes of the component elements. Thus the sum of the volumes Ag-i- 1 » 86, and tht 
volume of Agl = 41. This stands out with particular cl^miess on comparing the volmnss 
K + 1 <= 71 with the volume of KI, which is equal to 64, because its density >= 8'06» 

12. In such combinations, between solids and liquids, as solutions, alloys, isonutrphoof 

"^ mixtures, and similar feeble chemical compounds, the sum of the reacting substanoes is 

always very nearly that of the resulting substance, but here the volume is either sUi^t^ 
larger or smaller than the original; speaking generally, the amount of oontrselioB 
depends on the force of afiinity acting between the combining substances. I may ban 
observe that the present data respecting the specific volumes of solid and liquid bodies 
deserve a fresh and full daboratiou to explain many contradictory statements wbUk 
have accumulated on this subject. 
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CHAPTER XVI 

eiNO, CADUIUH, AJID HERCUBT 



Thub thteo metals give, like magnesium, oxides RO, whiuh form 
feebly energetic bases, aiid like magneBium they are volatile. ' The 
volatility iacreaaes with the atomic weight. MugnesiuiD caa be dis- 
tilled at a white heat, zinc at a temperature of about 930", cadmiiua 
■bout 770°, and mercury about 351°. Their oxides. RO, are more 
easily reducible than magnesia, and mercuric oxide la the most cosily 
reducible. The propertiea of their salts RX, are very similar U> 
the properties of MgX,. Their soltibitity, power of forming double- 
and basic salts, and many other qualities are in many respects identical 
with those of MgX,, The greater or less ease with which they are 
oxidised, the instubility of their compounds, the density of the raetals 
and theircotnpouuds, their scarcity in nature, and many other propertiea 
gradually change with the increase of atomic weight, as might be 
expected from the periodicity of the elements. Their principal charac- 
teristios, as contrasted with magnesium, find a general expression in the 
fact that zioe, cadmium, and mercury are heavy metals. 

Zirte stands nearest to magnesium in atomic weight and in pro- 
perties. Thus zinc sulphate, or white vitriol, easily crystallises with 
seven molecules of water, ZnSO„TIl,0. It is isomorphous with Epsom 
salto, and parts with difficulty with the last molecule of water ; it' 
forms double salts— for instance, ZnK,(S0,),,6U]0 — exactly as mag- 
DesiuiD sulphate does. ' Zinc oxide, ZnO, is a white powder, almost in- 

■ Zinc >ulphi.u li otten obUinad » ft br.prodscl — for Laiuuici. ia tb« utiaD o( 
gilvaoic baiuhei uonUiniDg liai: lai anlphuiic icii. When Itas uhjdraai Hit it benltd 
ilfona»tuic uidB, lulphuroUB uih;rdride, ^nd oifgAu. The AolabiLty in 100 pvti ol 
■M««0°-t8. iO° -63,10° -68t.60°-71. 90°- 8H,IOO°-8S p*rteof lohrdnioi tioo 
•olphau — that la to uy. it li clouljr fiptcuad bf tba [ormaU t3 • 09^. 

As •dmiitim of iron ii often iuund lo otdUiuj nilphiLfl ol line in ibelonn ol lemti 
talpbaM. Fa90„ TH>ii)Oi|>haiii wjib lbs itde •n1ph>i«. In order to itftniB it.cUonnai* 
pMad IbrDDgli tba aolBliop ot lb« impora hIi tohen Uie lerroat tall ii eonTertad into 
Uii tolalKin II tbsn boilnl. ud line axiHe it iftwwudi added, vhicli, alter wdw' 
lana tau aUpaed, prscipitiiat ill (be lenic oiide. Fairie oiide at tbe fonn B^, i« die 
flaoii bj use ouda al the [onn RO. 
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tio-H (ii'fA MuljJiur, formiog 

occurs in krge niftues, often cryst&llued in cobes ; it ta frequently 

tranilucent, aikd tuui a metallic lostre, although this is uot so clearly 

developed as in man; oUier metallic sulphides nicli wUicti we sball lieK- 

after become Bcquainted. The ores of tine olio conipriie the carbonate, 

calaminr, and silicate, lifieeous ealamine. 

Metallic line (upeller) is moat frequently obtained from the ana 

containing the carbonate'' — that ix, from calamine, which is sometimea 
found in tliick veins -. for instonoe, in 
Poland, Caltcia, in some places on the 
banks of the Rhine, and in constdersbl» 
maGsea in Belgium and Eogl&nd. In 
Russia beds of zinc ore are met with in 
Poland and the Caacasus, but the output 
is amalL In Sweden, as early as the 
Sfteeoth century, calamine was vorked 
np into an alloy of zinc and copper (bnss)^ 
and Paracelsus produced linc from cal^ 
mine ; but the technical production of tlw 
metal itself, long ago practised in Chinm, 
only commenced in Europe in 1807- 
Belpum, when the Abb^ Do noet disco veracl, 
that zinc was volatile. From that tima 

the production L-^reued until it is now about 150 million kilograms in 

Germany alone. 

The reduction of metallic rinc from its ores is based on the fact that 

tine oxide ^ is eoaily reduced by charcoal at a red heat : ZnO + C 

> Tbia minanl hu bMn givto the muDa a[ - mock-on 
sppHTUug (CDOHidmble duiuly, « M, Jx.) of uidinuy 
Am miDen. beouue it did sol, like oLhet orvi, giia mcMl oheii iilmply lOMted is tiiMld 
had iriUi cIutEul. Tba wlule iioc oiid*. (onnad bj buming the mpoan of line, wu 
■lnacklUd 'Dihil ■Ibam,' ut 'sbiu noUung.' ouacvoiuit o( it> lighineu. 

* It at-J b« b«n nunttAoad that by titv word ara ib mfuil t. hmd. luftTj inhitanMl 
im ODt ol lb* auth, whieb » oxd >□ malaUiufinl woiki for obUiamg Iba uiiui bakfj 
Battli long kDDWB ud uiad. Thn nitunl campDundi ol nodium. « micDaaiiiin, ■(• 
BiM eiUtad orak, bacuH augiHtiuDi uid •odium hiie not bHa long ohuinabla in qou- 
litj. Tha baarj rDauli, tboH Mbicb ira H'B] reduced ud do Dot auilT oiidla*, H* 
•uloutalyUwaaBhiehuvdincUiiiipplwdiDiuoafaclBna. OmailliK ranuin tb* matall 
(k*aaal**a (foe uuUks. ocai ol (ilier or bumothj, ukd tha awtali ■» tlMB Hid U b* ia a 
aatin rtMs, « alia Ihaii anlpbiu oumpBund* (btoda, Duck-er«, pyntc*— H, In ana^ 
talw, Pb8, iiaihl*Dda,ZDS;<nppaip7rilH,C>F*B)oraiidai(ulbaarMaliroa),«« 
aalM («alasii*«, lot inaluuia). Zinc ■• inwinpusblj nm tbaa nugMaium. and la ob1| 
wall kmon bacauaa it la Inwilonned Iroin itn oiaa ulo ■ owtal vliicb finda iliract ilH tt 
BU117 bfanehaa of indtiairT. 

' Ore^ >b*B ailnclBd Iram tht lulb by Iba miiian. u* ollan euiobad bf •OtU^b 
wuhini, and ottaai iDacbuical operattoaa Tba anlpbiuciM on* (and liktwia* MhM J 




)e in 1807— in 
noet disco veracl, ^^Ji 
Voro that tima .^^^L 
on kilograms in ^^^| 

on the fact that ^H 
leat : ZnO + C ^H 

It ol lU ha>n( lb* ^^| 



ZINC, CADMIUM. AND MERCl'RY 



43 



I 



K Za + CC'. The zinc thus obtained U in a finely divided sUte and 
impure, beiug mixed with other metals reduced with it, but the greater 
portion is converted into vapour, from which it easily pa^es into a 
liquid or solid stftto. The reductiou and distillation are carried oa in 
earthenware retorts, filled with a mixture of the divided ore and 
charcoal. The I'apoara of zinc and gases formed during the reaction 
escape b; means of a pipe leading downwards, and are led to a chamber 
where the vapours are cooled. By this meaus li.ey do not come into 
contact with the air, because the neclc of the retort is tilieU with 
gaseous carbonic oxtde,and therefore the zinc does not oxidise ; other- 
wise its vapour would burn in the air.' '''■ The vapours of zinc, enter- 
ing into the cooling chamber, condense into white zinc powder or zinc 
dust. When the neck of the retort is heated the zinc is obtained in 
a liquid state, and is cast into plates, in which form it is generally 
sold. 

Commercial zinc is generally impure, cantaining a mixture of lead, 
particles of carbon, iron, and other metals carried over with the vapours, 
although they are not volatile at a temperature approaching 1000". If 
it be required to obtain pure zinc from the commercial article, it is sab- 
jfcted to a further distillation in a crucible with a pipe passing throogb 
tlie bottom, the vapours formed by the heated zinc only having exit 
through the pipe cemented into the bottom of the crucible. Passing 
through this pipe, the vsipours condense to a liquid, which is collected 
in a receiver. £inc thus purified is generally re-molted and cost into 
rods, and in this form is often used for physical and chemical researchrs 
whei« s pure article is required.* 
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' «• With nrj impun oral, upeciiJlT nicb na conUio lend (PbS ofWa 
bbb), Ihe vtpdar oT (bs r«dac«d unc l< ilkiwid bo pau dizecttj iDlo (he fti 
■nd flirt ZdO. whicb I'l uaed u * pigmeDl 

* Thu Euu. kltboDgti bomogBnsoDi. iLill sanUioi csrUin impuiilie*, la rt 
M i» B4MHUT to pnpue totaa lall of ddc id • pus lUta ud Intafona <t id( 
which lattar ii ib«o diitiltgd wiih cbanxwl . uid. u thin (Imit dI hoc «d ddIi be obuinad 
Inia ••17 puts dmUI, tlier in Ir«i|Denll]l oudaiusoliii cue* iihen pare unc iinqiund. 
Id ordn to Temine Ihe incnic [nm iinc. il wu propoeed In meJl il *n<l mil it irilb 
aakjdrou ougnniuni cbtonde, b^ vbieh loeuu rapoon of cihd cyonde ind uveDie 
eUMd* an fonsed PerlKtl; pun iinc it meda (V Uayer usdotboni brdccompoting. 
of the gilmiic cDmi.(. > wilutioa ol noc nilplul* (o whieb >n eiodt of 
bM b«D edded. The ddc oud far Manb'i ..tkdu; ta*t {Chapter SIX.) •• 
purified (tern Ai b; luiisg it wilb KNOj and than mth ZnCI, 




PBIKCIFISS OF C1IEUI8TBY 

Metallic zinc has a bluish-white colour ; its lustre, compared with 
many other metals, is insigcificaDt. Wheu cast it exhibits a crystalline 
Btmcture. Its specific gravity is about 7 — that i!t, varies from 6'8 
to 7'2, according to the degree of compression (by forging, rolling, 4o,) 
to which it has been subjected. It is very ductile, considering its 
hardness. For this reason it chokes up files when being worked. Its 
malleability is considerable whan pure, but in the ordinary impure con- 
dition in which it is sold, it is impossible to roll it at the ordinary 
temperature, as it easily breaks. At a temperature of 100°, however, 
it easily undergoes such operations, and can then be drawn into wire 
or rolled into sheets. If heated further it again becomes brittle, and 
ftt 200° may be even crushed into powder, so completely does it low 
its molecular cohesion. It melts at 416°, and distils at 930° 

Zinc does not undergo any change in the atmosphere. Even in 
very darap air it only becomes slowly coated with a, very thin white 
coating of oxide. For this reason it is available for all objects which 
are only in contact with air. Therefore sheet zinc tnay be used for 
rooGng and many other purposes.^ This great un changeability of xinc 
in the air shows its alight energy with regard to oxygen compared 
with the metals already mentioned, which ai^ capable of reducing xino 
from solutions. Bat zinc.play» this part with regard to the remaining 
metals — for example, it reduces salts of lead, copper, mercury, &o. 
Although zinc is an almost unoxidisable metal at the ordinai'y 
temperature, it burns in the air on being heated, particularly when 
in the form of shavings or in the condition of vapour. At the 
ordinary temperature dnc does not decompose water — at any rate, if 
the metal be in a dense mass. But even at a temperature of 100° zino 
begins little by little to decompose water ; it easily displaces the 
hydrogen of acids at the ordinary temperature, and of alkalis on 
being heated. 

la this respect the action of line 
degree of its purity. Weak sulphurii 
compOKition HiSOj,6H.jO) at the ordint 



1 chemically pure i 
■lowly. It the temperatun 
previously slightly heated, 
oxide, chemically pure zino 
one cubic centimetre of zii 



varies a great deal with the 
ftcid (corresponding with the 
■y temperature does not act at 
, and even a stronger solution acta very 
be raised, and particularly if the line be 
Bs to cover the surface with a film of 
cts on sulphuric acid. Thus, for oxampH 
: in sulphuric acid having a composition 
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I)SO„6H]0 Kt tbe ordinary temperature in two hours only dissolves 
to Uie extent of O'Olfi gnm, aod at % letuperatnre of 100° aboub 
3'd ^ams. If we compare this «Iow action witti Uiat rapid evolutioa 
of hydrogen which occura in the cose of connnercial tuxc, we see that 
the in&uence of those impuritiea in tho zinc la very great. Every 
parlicle of charcoal or iron introduced into the mass of the unc, and 
likewise tbe connection of th« zinc with a piece of another electro- 
negative metal, aBsiats such » dissolution. The slowness of the action 
of siilpliuric acid on pure zinc (and likewise on amalgamated zinc) ma]' 
klso be explained by the fact that a layer of hydrogen '" collects on 
the surface of the metal, preventing contact between the acid and the 

The action of nno on acids, and the consequent formation of tino 

■• Veeran [I9S1) pniTed Ihiibj iimpl* •iporimenti, flndioglhallnTMiii>tho«1otion 
proceed* fur mon npjdlj tar both pu» Aud comnuroiftt cine, and still more npidly \n 
Urn prrsFiidE dI oxidiiing agnnti (which i^btorb tlie hydKigeii) lik« CiO, ind H,0,. 

»"■ The kdditicD of cupris lulplislo. gr, b«tUr (till, ■ Isw dropi ol pUlinio ehlorida 
(th« mculi bscoDM ndnred), lo Ihctalphuric Kidgrenll^iwxBlflnteBthaaTDliitioDorUis 
Il}(lroe«i. becsDH Id Lhii cue. u wilb commsrci*] tine, gslnnio couplM ire lormed 
tOutljF bji tbe copper « plfttinum uid the line, under the influence ot which. the rine 
npidlj diitoWea. The utioa ot uids on meliJtie imc o! nrionB dsgreae ot podtj fau 
been the mubjert ol minj inve»tfg«tion«, psrlicnlwlj important mUi rsfereDC* lo the 

ouice lor chemiul mechuin, (Ithongh Inni men; pninti ot view the matter ia not 
desr. I CDnaidfT il UKtal to mention certain ot Ih^ie inceatigetiona. 

Ctlverl und Johoaon mude the lollowine aeriea ot Qlseiraliona on Ibe ulion of ml- 

In (be told Un ooiicentn,ted Hid. U.SO,, doea not ul, U,S0„3[I,0 diiaulin ebout 
mXM grim, but prinoipkU; lomiB bjdrogen tulpbidc, which ia ablained dao when the 
dilation reatha* H^0(,7H,0, when OOSB gnm ot line ia dinotved. Wlien Itigely 
dilated with Kiler, pore hydiogen begiiia to be diungiged. HiSOblHiO it 1B0° girea 
■ miiture of bjdrogen aulphide iLnil aulphuioua anhydride diuolving O'l&Q gram of liiio. 
Bouchudjal ahowed thai 3 in « veaeel made of glaai ot ■Dlphur dilute polphuric acid 
KttBgon I pieoeof line libeniteaonepartot hydrogen, then tbe anme acid with theume 
piew of tine in the aune time will liberkla < pute ol hydrogen il (he veiMl be mede ot 
ii£i»tlia.t ia. tine lormaa galvanic caupLc with tiu; in a leaden veaaelO poita of hydrogen 
uaiet tree, with aveaKlol ajitiinony arblamalh 13 parte, silver or plilioumSS purta, 
coppeiSO porta, iron 43 porta. II • telt of pUlinnm he added bo the dilate autphuris 
add (1 port ot acid and It parte of water), HiHoD determined that the rapidity of the 

dered IS limea greater than the oelion ol pure aulphuric oeid. The tolta which aie 
added •» reduced lo metal* b; tha iJnc. their contact terrinR to promote the reaction 
becMue they form local galvanic cumnta. 

According to the obaervaliona ol Coiiletel, il, at tbe urdinary preuure. aulphuric acid 
vith tine libermlea 100 parta of hydrogen, then with a preature of BO almoapheree 
«T parta wUI be libemted and 1 port it u lUEuun ol 130 almaipheree. With a reduced 
H—auiu ondei tbe receiver ol an air-iwiap IM purl* are libemted. Helmholtz ihowed 

Debray, Lowel. and olhera ohowed that tine Ubemlee hydrogen and tonaa baaio aaite 
«Dd line oatdewithBOlotionaof many a&lla —tor inalance, UCL, alnmiaium aqipliate. and 
•lam. Sodium aad poUeiium carbooateH acaicely act, becanee ttaey lorm carbonalMi 
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salts, iiiMrteres with its appliestion in many cases, particularly for the 
preservation of liquids either contAining or capable of developing 
acid. For this reason zinc vessels ought not to be u&ed for the prepa- 
ration or preservation of food, as thia often contaltis acids which form 

Tha Hlti ol mnnionii net mon ttroogl; (biD (he ulls of potassium nnd •oaliDm ; the 
lino leouJDi blight, U ii eixdeot (hat (bis ifliiiD la (ouDdsd on Ui« lomulion oI 
double ul(« uid basic taltM- 

The vtriAtion >ith couceDtrdtion in the nln of the action of aulpbDiic Kid on tiae 

Uia elecU-ical condactitilr of tbe soluLioa ud i 
dilated, Die actioa ii ilmoit proportiaail (o the u 
the «o1iit!oD. Forging, ceiiing Lh« molten met&l, eod limilu mechuiice] iaflaeiiDee 
Dbeage thedeDBitf aadb&rdDflbdof UDfl.eadalmtroiiglyiiiflDanceitipaweTof libamtieg 
bfdrogen from uidi, Kiijeoder ihowed (I8B1) thai tIwd migseuum ia labnitted la 
llu estioD ol wide: la] tbe action depeude, net on the natnte of the acid, bat mi iU 
faaaicitj; (6) (he inareaaeof the action ia more rapid tiun tbe growth of the coacentratfoa ; 
wilb tha incieaee of tbe i:o«fficienl ol intemal 
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u being cooclniiie, and oidj gitt them a relalin 

ooiiditiDaa (with an eqaivalent Btrsngth) gira* ■ grealet Ifunn a to t timet) rapiditj ol 
action than hydrochloric acid, bnt aolphnric aold a far amaller velocity {nearly ih timee 
unaller). It la alto remaikable that daring the reaotion the metal becomw mnob more 
Iieatad than the acid. 

It nu; be mentioned (ha( line dual and cine ittilf. vbu baated oitb faydr>t*d bm* 
eogagea hydrogen thia melbod hae eren been propoeed fa 
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poisonous salts with the tine. Even ordinftry water, containing e«r> 
bonic acid, kIowIj attacks anc. 

Finelj divided dnc, or sine rfuft, obtained in the diatiliation ot 
the mBtal when the receiver is not heated up to the melting point, on 
account of its presenting a large surface of contact and containing 
foreign matter (particularly zinc oxide), hns in the highest degree the 
property of decomposing acids, and even water, which it easily de- 
composes, particularly if slightly heated. On this account zinc dust is 
oft«n used in laboratories and factories as a reducing agent. A similar 
inSuence of the finely divided state is also noticed in other metals — 
for instance, copper and silver — whicli again shows the close con- 
nection between chemical and physico- mechanical phenomena. We 
must first of all turn to this close connection for an explanation 
of the widely spread application of anc in galvanic batteries, where 
the chemical (latent, potential) energy of the acting substances is trans- 
formed into (evident, kinetic) galvnnic energy, and through this latter 
into heat, light, or mechanical vork. 

Hermann and Stromeyer, in IS19, showed that en^mium ia almost 
always found with zinc, and in many respects, resembles it. When 
sooner, because it has a lower boiling 
nc dust obtained by the first distillation of 
5 per cent, of cadmium. When zinc blende, 
roasted, the zinc passes into the state of 
sulphide in the .ore oxidises into cadmium 



distilled the cadmium volatili 
point. Sometimes thi 
zinc contains as much 
containing cadmium, 
oxide, and the codmi 



sulphate, CdSOj, which resists tolerably well the action of heat ; there- 
fore if roosted zinc blende be washed with water, a solution of 
cadmium sulphate will be obtained, from which it is very easy to 
prepare metallic cadmium. Hydrogen sulphide may be used for 
separating cadmium from its solutions ; it gives a yeHow precipilalt 
tjf eadmiitm rulphuU, CdS (according to the equation CdSO,-|-H,S 
= H,S0,-I-Cd8)," which, on account of its characteristic colour, la 
used as a pigment." <''■ Cadmium sulphide, when strongly heated in 
ur, leaves cadmium pxide, from which the metal may be obtained in 
precisely the same way as in the case of zinc. 



i> Ittd&fbehsreremukea Ihut HulphlWoliitie (HpMliUjiii tbepieHDn ot mlnml 
•eid*) diva not RiTB ■ pmcipilsts of mlphlda of line, or U onl} aligblly precipitated bj 
•dlpliDrelErd hjdrtgcii. 

'I ''■ Snlphidool ctdmiain ippcu* in two varielieiof ssimiluchimioilljul diflotent 
pfajticthl fbftnr>iAr: one is of ■ lamon eDlotir, aJid the other bright red, Kloboukoff 
(leW) itadifd Ibe phTiicol propertlai of tbeu vuiatiu aon cloeelj. The ip. |^. «I lb* 
temar i> S'WS, uid ot the latter t'tlB. The^ belong to dilterenl crjttallcgniphia 
■yUwu. The flnt ririetj miiy be oonierlsd into the ximnd bjr friction 01 presiuie, bat 
Um MOOnd CBtiBol ba corverted into the flnt •uielj \>j Ihet tnwnii. 
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Cadmium is a white metal, and when freshly cut is almost ae white 
and lustrous as tin. It is so tott that it may b« easily cut with a knile^ 
and so malleable that it can bo easily drawn into wire, rolled into 
sheets, iic. Its apeciGo gravity ia 867, melting point SSO", boiling 
point 770' : its rajMurt burn, forming a brown powder of the oxide." 
Next to mercury it is the most'voUtile metal ; hence DeviUe deter> 
mined the density of its vapours compared with hydrogen, and found 
it to be equal to 57-1 , therefore the molecule contains onu atom whose 
weight = 112 V Moyer found the like for zinc j the molecule ot 
mercury also contains one atom. 

ifercury resembles titic and cadmium in many respects, but presents 
that distinction from them which is always noticed in all the heaviest 
metals (with regard to atomic weight and density) compared with the 
lighter ones — namely, that it oxidises with more difficulty, and its 
compounds are more easily decomposed."*'' Besides compounds of the 

>■ Amongit Ihs «om|iound« ol culmiain rer; clouty tllied to lh« compoandioltine, 
«• niDit mentioD tadmium iodide, Cdl,. wfaicb ii UKd <n medicine ud photograph/. 
nii* ult cT]>italtiM> very well : it ii prapund fay the direct ution al iodine, miied with 
wmer.onmetdliccwlmiiun. One purl of ckdmitmi iodide »l Wr° teqalrei loi iti •ulntion 
I'OB part al muez It may be renurkcd thit ctdmiDiD chtoride at the ume lenipentBra 
requitetOTl put o! water to dliiolve il, ■» Ifast the iodioa umpoiuid of thia nutal i* 
Icn loluble than the chloride, whilit the reierH relatioa boldi in tha c*M of the com- 
apondingcompoandi! of the alkali or alValiocurthymslala, Cadmium ■olphal* eryital. 
liwa Hell, and hu the compoiilion 3CdSO„SHjO, thai ditecing rnim liiio lulpliale. 

CadmiBm Dude to ulnbla. althoogh ipirinEly, in alkalit, bat la the pretense et 
tuteiie mud ceilaio olhei acidi tha alkahnti aolntion ot cadmium olide d«a oot chan^a 
whan boiled, whiW • diluted tolDlioo in that cate dvpoiit* cadmium oiida : thii maf 
alas wrv* tor eeptraling iIdc componndi from thoae of cadmium, Cadmiam ii pmsipl- 
Utcd bom ila ulla by line, which (act may alio be taken ailranlage a( f ji Hpanting 
cadniDm i tor thii reaaon, in an alloy of lino and eadmium, acidi flnt of all citracl th* 
■iiu Cadmium i> in all reipvcti leu energetic than lioc. Thus, lor initance, it dccMH. 
poaea walai with ditBcnlly, and Ihla only when ilionEly heated. It even acta but alottly 
on aelda. but than diiplacoi hydrogen from them. It it ueoetaarj ben to call alUaUoa 
lo Uw tact that for alkali and alkaline earthy maUla [of the even lerieij the highaat 
alomio weight delaiminet tha grtateat coecgy ■ !>"* cadmium (of the uaeveu totigt), 
ttkilat having a buger alomlo weight than dnc, la lata energetic The latti ot cadmiom 
•n ealouriett, lika tbota ol ilna Da Bcbullen obtained a cryttaltine oiychlorida, 
Cd(OH|Cl by haating uaibla with a lolution ol cadmlara chtoride In a tealed tub* 



weight, mc 
,i lisa (ollowa eopptr :— 



■ gold in tlw pariodic 



ETenluaUywathallteeth 
gold, ailver, and copper, 
groupa. The relation bet* 
■Imilai. Nickel, patladiur 



leai nlalion of platinum, palladium, and nickel, and alto of 
t we will now point out the parallelitm between Ifaaae Ihraa 
n Iha phyueal and alio cbemlual propartici ii hers atcihlagly 
ind platinum are vary dilBeuIl to lute (far mora M than ItdBi 
n. which aland bclora than). Copp«r,i4lTai,Mtdgoldm(lttacmoM 
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type RXj, it also gives those of the lower typo, RX, wbicli are 
UDkoown for tint and cadmium." Ueroury therefore gives salts at 
the composition HgX (mcrcurous salts) and HgX, (mercuric salts), the 
oxides having the formula HgjO and HgO respective!; 

Mercury is found in nature almost excluaivelj in combination with 
sulphur (like zinc and codmiam. but is still rarer than them) in the 
form known as cinnabar, HgS (Chapter XX.. Nott> -29) It is far more 
rarely met with in the native or meullic condition, and this in all 
probability has been derived from cinnabar Meri:ury ore is found only 
in a few places— namely, in Spain (in Almaden), in Iclria, Japan, Peru, 
and California. About the year 1880 MinenkofT discovered a rich bed 
of cinnabar in the Bahmout district (near the station of Nikitovka), 
in the Government of Ekatnrinoslav, so that now Bussia even ex- 
ports mercury to other countries. Cinnaliar is now being worked 
in Daghestan in the Caucasns. Mercury ores are easily reduced to 
metallic mercury, because the combination between the metal and the 
sulphur is one of but little stability. Oxygen, iron, time, anil many 
other substances, when heated, easily destroy the combination. If iron 
is heated with cinnabar, iron sulphide is formed ; if cinnabar is heated 
with lime, mercury and calcium sulphide and sulphate are formed, 
4HgS + 4CaO=4Hg-(-3CaS + CaSO' On being heated in the air. or 
roasted, the sulphur burns, oxidises, forming sulphurous anhydride, 
and vapours of metAllic mercury are formed Mercury is more easily 
distilled tlian all other metals, its boiling point being alwut SSI", and 
tlierefore its separation from natural admixtures, decomposed by one of 
the above-mentioned methods, is eQected at the expense of a corn-* 
paratively small amount of heat. The mixture of mercury vapour, 
air, and products of combustion obtained is cooled in tubeii (by water 
or air), and the mercury condenses as liquid metal." 
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Mercury, as evprybody knows, ia a liqaid metal at the ordiiutry 
temperature. In its lustre and whiUnesa it resembles silver.'^ At 
— 39° mercury is twnsformed into a malleable crystalline metal ; «t 0° 
its Epecifio gravity is 13596, and in the solid state xt —40' it ia 
1439.'* Mercury does not change in the air— that is to say, it does 
not. oxidise at the ordinary temperature— but at a. temperature 
approaching iho lioiling -point, as was stated in the Introduct4ai), it 
oxidises, forming mercuric oxide. Both metallic mercury and its 
compounds in general produce salivation, trembling of the hands, 
and other unhealthy symptoms which are found in the workmen 
exposed to the influence of mercurial vapours or the dust of its com- 
pounds. 

As many of the compounds of mercury docoropose on being heated 
—for instance, the oxide or carbonate "—and as one, cadmium, copper, 
iron, and other metals separate mercury from its salts,'* it is evident 

pioduce inch n mercury pamder, Thenuniat; Hpunted (faTiuUnce, rodncad by tab. 
lUncef tike gulptiuiout unbjdcide] Irom Klatioai, (ormi >ucli % powder. According to 
the eiporimenU of Nir.nt. thii disintegnUed meccnrr when cnlwing into nullau 
dcTClopfl moTo bekt ttun the dfln» lii^nid metal — Ihat ii to Hy, tbc work of dinntcgifr 
lion ruppem ■ ■ tbe form o( hut. Thii eiunple i> initructitii in coniidering Uwrmo. 
chemictl deduction*. 

^* Haroory mtj Boradimei be obtained in a perfectly pore itat* from worki (in Iroa 
bottle* holding iboDt Si kilos), bat ftf tet bsing owd in libantiitiBa((arbiitlu,c«libnlioa, 
&c) il conlwni inipaiiliee. It mm; be pariSed mcrhuiicillj in the following wij : a 
pnpei filter with b fine hole (pricked with > ne«dle) i> pUc*) in a glue ffiDDcl and mM- 
curr il ponred into it, wbich ilciwlf tricklM through UiFlioIe,]«>iDgtfaii impotitta apon 
the filtei. Somelimei il ia iqaBeud Ihroogh chamoii leather or through a bloekolwood 
(u in the well-known eiperimont wilb th« >ic-pnmp). It nuj be pniifisd from masj 
melola by contact with dilute nitric acid, if amall dropi of mercory are allowed to ptm 
through a long column of it (from the fine end of a funnel) 7 or bj ihaJcing it op wiA 
•ulphurio acid in air. Mercurj may be purified by tbe action of an oleotriD etimnt, if il 
becoTered with a tolation of HgNOg. But tbe complete puriBcatioo of meraoty tot 

(the TapoDT-teoiion of nercnry ia given in Chapter IL, Note 17). For thii purpow 
Wslnhold'a apparatni i> moit often uwd. The principle of this apparatna ia TttJ 
ingenioaa, the diilillation being effected in a ToRiealliai] vacanni conlinooaily Ri|filied 
with freah metcnry, whilat tbe condeoaad mercory ia contiuuooaly retnored. Thin 
proeeta of diatillation reqnina very little attention, and givea about one kilo of pmt% 
aaaraoiy per boor- 

■* II tfaa Tolume of liqnid mercury at 0> bo tshsn ei IIMOOOO, then, aocoiding to lb* 
deteminationi of Regnanlt (re-calcuUtod by me in lHTI>|,at f il will be lOODOOO + IM-U 

tlfW. 

■' All ult* of mercury, when miiedwilh aodiumca 

M mercnric oarbonstei^ tbeas deoompoae on being b 

Diygen, and Tapoort al meroury. 

» Spring (IMS) ahowed that eolid dry HgCI ■• gndaally deumpoud in nntact with 

melallio ODppei. According to the dtlmninalioui of Tluxnii ■>. tlie formititm of ■ giMa 

of mercurial compottnda from llieir atemeBta devalopa tba fudiowing ajDonnti of hflat fin 

thonaaDda of nnit^: Hgi^O, 41; HgtO, 111 HgtS, 17; HgtO, 111 Hg + Br, M; 

Hg + I, U: Sg+aj, US; Hgi^Brr. » 1 H«tI„M; H|*C,Hp I*. ThMS auinben 
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irj has less chemical energy than the tnetals already 
deeoribed, even than sioo and cadmium. Nitria acid, when acting on 
of mercury at the ordinary temperature, gives raerouroos 
nitrate, HgNO,.'^ The same acid, under the influence of beat and 
when In excess (nitric oxide being liberikted), forms merourio 
nitrate, Hg(NOj),. This.'" both in its composition and properties, 
resembles the salts of zinc and cadmium. Dilute sulphuric aoid 
does not act on mercury, but atrong sulphuric acid dissolves it, with 
evolution of sulphuraug anhydride (not hydrogen), and on being slightly 
heated with an excess of mercury it forms the apariiigly soluble mer- 
curoui sulphate. Hg,SO, ; but if mercury be strongly heated with an 
excess of the acid, the mercuric salt, HgSO,," is formed. Alkalis do 
not acton mercury, but the non-metals chlorine, bromine, sulphur, and 
phosphorus easily combine with it They form, like the acids, two Hriea 
cf compounds, HgX and HgX,. The oxygen compound of thelirataeriea 
is the suboxide of mercury, or mercurous oxide, Hg,0, and of the 
■eoond order the oxide UgO, mercuric oxide. The chlorine compound 
corresponding with the suboxide is HgCI (calomel), and with the oxide 
HgCI) (corrosive sublimate or mercuric chloride). In the compounds 
HgX, mercury resembles the metals of the lirat group, and more 
especially aUvsr. In the mercuric compounds there is an evident 

U*1«M Uun til* coireipaading ODBB tar i>cit49iuain, Bodium, ulcium, buinm, and [or 
Bine wd oJmiiim— lor iaiUn^e, Zn + O.M: Zn'Clj, 01; Zo + Btj,lfl; Zd-I^ il»i 
Cd + a„<U: Cd<-Br,.TS; Cd«l„49. 

<• TbiiulteuiljlDCint Uiei!ryiLLllo.Ii;dntaBgNO],H|0,<wmepQndingiriUi<»Uti}' 
■iLrie uid, H^Of (the L«tuu orlho-, pyny, uid metB-ncida an eipUiD«d in tb« chiphir 
«n PbiKphonit), with Uis lubititultgn ol Eg for H. Id la nqiuou* •olDiion thii ult cui 

will brracntioniid herultor (ChiiiiUr VI., NoU S9). 

" HarcDiio nidite, Hg|NOiJ,.BHuO, cryiulliHaFrDDi u cancentrBtad (olutioaolmar- 
nrr in ui eioflii of boiling uitrioBcid- Water dtcompoaoB tbii salt; at the ordinarr 
tempantnn ctiilaii ol ■ buic ult dI tha compotitiaa Hg(N0t),.ngO,lH,O an loraied, 
and wiih u ncm ol -atei tbs inHloble yeUow buic ult Hg(N0J,,H,O,2HgO. ThcH 
tbiH latti coneipond oitli the (jpi ol Drtbo-Diliic acid, (HjNO,)^ in which Durcnrr ia 
•Dbriiluted lo> 1, a and S time* H, Ai all tbesg m1|« Mill cuoUln «aUr, it la pouibhi 
Uiat thaf eorraapODd with the Uliahydiale-N^i + tHjO^'NiOIOH), il orttuhnllrifl 
Mid-»A*SI],0-3NOI0U)^ 

*> To obtain Uie niaccuiic aalt a largo eieeu ol itrong inlphnrlc acid mnat be talen 
•nd atronglj hcakd Witlx a imall quantitj ol water iuIouiIbii cryitali ol HgaOi,H,0 
tB*I b* obUined. An cieeai of water, etpeoially wbga bealod, loimi the buis lall laa 
in KMa 10), HeSO^.lHgO. which correBpondi with trihydraled aalpboric acid, SOj ' SH^ 
- B(OB)i. with the aulntitiilion ol H| b; SHg. ohii-h in mercoric ulU >■ eqaivalent (a 
H,. Le CluUUer |18M) giro! the loHowing ratio between the amounU o( eqidvalmU 
pOTlltra: 
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B2 PKINCrPLES OF CHEMISTRY 

rasemblnnce to those of magnesium, cadmium, iK. Here the atom 
of mercury is bivalent, as in the typo BXj."' Every soluble tnor- 
curoas compound (corresponding with the type of the suboiide ot 
mercury), HgX, forms a white precipitate ot calomel, HgCl, wilh 
hydrochloric acid or a metallic chloride, because HgCl is very alightl; 
ooluble in wal«r, HgX + MCI = HgCl -f MX. In sobiblo meroorio 
oompouuda, HgX,, hydrochloric acid and metallic chlorides do not 
form a precipitate, because corrosive sublimate, HgCl}, is soluble in 
water. Alkali hydroxides precipitate the yellow mercuric oside from 
• solution of HgX„ and the black mercuroua oxide from UgX. 
Potassium iodide forma a dirty greenish precipitate, Hgl, with 
mercurous salts, HgX, and a red precipitate, Hgl„ with the mer- 
curic' salts, HgX,. These reactions distinguish the tnercttrio 
s salts, which latter represent the transition from 



" Tlio question of th^ niiikculu iroisht of cntomel— tlii,l it, whelhar Ih 
Ihs ulUol Iheiuboiide i" monBtoioic or diatoiuic — lotig occopiad thamind 
although it [• not of tutj gmt iuiportuice. It i> oiJii nceotlj (ISM) tbat 
c«i be cooiulend a* uiiwered, thuikt (o the rAfiurchfia ot V. Mejer vid Uabi^ m 

conluu Hg^, (hkd 0,H,) id iU nioleeiile If coiroiire nbliiDAM cnrtuni BgCU 
(Uka wiLter OUi). As ■ mkltu ot (ul, direct eiperimeot giTBi tho Tapoai dcniitj ol 
nlomel « aboat 11»— Uut is, indiulaa Ihit its molceula eoataina UgCI, whilil tb« 
molMDle of [he mbliiuta, judging also by the iipnur deoiity (ncu-lj ISA), omiltiiH 
HgCl,; it might thanfore b< eoncluilcd that Um mereuir ia tliB Boboiidi ii not oolj 
auuuTaleat [correipondiag to Q) bal Also mouAlotuic, wtolst in tha oiida it ia divalani 
•nd diitomio. Intluum of t. ruiible KtosJcitf , u ihown bj tha nponr deniitr, an 
bkown in Np, NO, ud N^ CO ud CO^ PCI, ud PC1„ and it might Ihenlon b* 
nppoied th&t the preaenL waa a aimilar iaatauco. But thaie ara also iiutancu oI a 
Tahahla equi^aleacy mhich do not rorrespotid to a rariatiob of alomicily— lor Axaupla, 
OH, (watai) aod OH (|Mro>ida ol hydrogen), CH, (malhafis), CH, (sthjl), ud 
CH, (etbyleiia), &c. Here, according to tha UirDlsubiliUitiop, the n»idiw(iil OH, and 
CU, gombiiia logatbei aod give moleculBa; OHOH c OgBi (peniide of bjdrogu} and 
CHjCH, » C,H, (athane), Ac The lame mar be afiDmed alio to be the nlation of 
catomd to aoblimale; the mudae HgCl, which it combined nitb CI in niblimala, 
eamapoiHla to HgCl,, aad in calomel it may be lioppoaed that Ihi* reaidue ia oflin- 
bioed >itb itaelf, forming (he molecnle Hg,Cl^ On tliia view of Ihe compDiitian d( Um 
Dalecula of calomel il would loUnw that in tho itale ol Tapoor it brealla np into t*« 
Dolecolei, HgCl, and Ug, when the vapour denhit; would be about IIG (becaoia that cf 

(like a miilnre ol HCl and NH,} again give. Hg,Cl,. It wai tbcrefoH unaaatT lo 
frove tbat f-alamel it dvcompoMid in the ilala of vapaur. This waa not effected for a 
bog tiiD*. althjugh Odlin){. a* far hack at the Ibirtiea, ihowed thai geld baconaa 
•malgaraatod [i.t. abaoiU matallic mercuryj in thn vaponr of calomal, bal not in tte 
rapBU ol anblimale. Recenll;, bowevBi, V, tltjet and Harrii (IWl) h»a ihowD that 
a glMlei amount of the lapaoi of menutr than of calomel ptiaea (at abont *W) 
throogh a ponmt day cell, Containing calomel. Tbia provei that IheiapDmoI calomal 
conlaia* a raiitora ol the -vapoan ol Hg and HgCI« at would follmi tmn the aeooad 
bllpothegii. UoreoTer, on intiDdaciiic a beaUd piece of EHO into the vapnur of 
•alomal, Uajrei ohaemd the farmaUoB, not of toboiida (black), bal of oilde ol oiareiiT7 
(raJlow). TheiallDra Iho mokeolu IMmola ol calomel moit ba taken at Hg.O, (and not 
agCI). 
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s salts to mercury it«elt, 2HgX = Hg + HgXj. Tho 
Baits, HgX, as well as HgX,, are reduced by nascent hydrogen {e.g. 
from Zn + H,SO,), by ^ach metals na unc and copper, and also 
by many reducing agents—for example, hypophosphoraua acid, tba 
lovsEt grade of oxidation of phosphoruH, by sulphurous anhydride, 
Btannoua chloride, <tc. Under the action of theio reagents the 
mercuric salts are Grst transformed into the mercuroua Baits, and 
the latter are then reduced to metallic mercury This reactioa is ao 
delicate that it serves to detect the smallest quantity of mercury ; 
for instance, in casea of poisoning, the mercury in detected by im- 
tnening a copper plate in the solution to be tested, the mercury 
being then deposited upon it (more readily on passing a gal- 
vanic current). The copper plate, on being rubbed, shows a silvery 
white colour ; on being heated, it yields vapours of mercury, and 
tlien again assumes its original red colour (if it does not oxidise). 
The mercurous compounds, HgX, under the action of oxidising 
agents, even air, pass into mercuric compounds, especially in the 
presence of acids (otherwise a basic salt is produced), 2HgX + 2HX + 
= 2HgXj-l-HaO ; but the mercuric compounds, when in contact with 
mercury, change more or less readily, and turn into mercurous com- 
pounds, HgX,-f Hg = 2HgX. For this reason, in order to preserve 
solutions ot mercurous salts, a little mercury is generally added to 

The lowest oxygen compound of mercury — that is, m«rcurou« ftetd), 
Hg,0— does not seem to exist, tor the substance precipitated in tho 
form at a black mass by the action of alkalis on a solution of mer- 
curous salts gradually separates on keeping into the yellow mercuric 
oxide and metallic mercury, as does also a simple mechanical mix- 
ture of oxide, HgO, with mercury (Guibourt, Barfoed). The other 
compound of mercury with oxygen is already known to us as mercuric 
tarift-!, HgO, obtained in the form of a red crystalline substance by the 
oxidnUon of mercury in the air, and precipitated as a yellow powder 
by the action of sodium hydroxide on solutions of salts ot the type 
HgX,. Id this case it is amorphous and more amenable to the 
action of various reagents (Chap. XI., Note 32) than when it is in the 
crystalline state. Indeed, on trituration, the red oxide is changed into 
k powder of a yellow colour. It is very sparingly soluble in water, and 
forms an alkaline solution which precipitates magnesia from the solu- 
tion of its salts. 

Mercury combines directly with chlorine, and the first product of 
combination is calomel or mtrcurout MoriiU, HgiClj. This is obtained, 
M above stated, in tlie form of o. white precipitate by mixing solu- 
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tioiiE of mercoroDB salts with hydrochloric acid or witb met&lUo 
cUoridea. A precipitate of calomel is also obtAined by reducing a 
boiling aqueous solution o[ corrosive suhlimate, HgCl^, with sulpbur- 
ODS snhjdrido. It ii likewise produced by heating corrosive EiibU- 
mate with mercury."'''' Calomel toay be distilled (although in to tioiog 
it decomposes and recombines on cooling from a state of vapour) ; it> 
vapour density equals 1 18 compared with hydrogen (= IJ (*m Note 23). 
In the solid state its specific gravity is TO ; it crystallises in rhombio 
prisma, is colourless, but has a yellowish tint, turns brown from the 
action of light, and when boiled with hydrochloric acid decomposes into 
mercury and corrosive «nblimate. It is used as a strong purgative> 
Corrotive mlilimate or mercuric ehiaride, HgCI], can bo ohtained from 
or coDverted into calomel by many methods." An excess of chlorins 
(for instance, aqua regtit) converts calomel and also mercury into.oontki 
live sublimate. It owes its name corrosive sublimate to its volk 
tility, and, in medicine up to the present day, it is termed Mereurivt 
rublimatus iru . corroaivus. The vapour density, compared with hy- 
drogen( s= 1) is 135 ; therefore its molecule contains HgClg, It forma 
colourless prismutio crystals of the rhombic system, boils at 307°, 
and is soluble in alcohol. It is usually prepared by subliming ft 
mixture of mercuric sulphato with common salt, HgSO, + 2NaCt 
EzNa^Oj + HgCt,. Corrosive sublimate combines with meronrio 
oxide, forming an oxychloride or basic salt,*"''' of the composition 



JupeD (sad China) to 
ii BCl ud Uu lajtn 



*"' CJomsl (in Jipuiesa ' Kojfon ') lu> bfwa prepared h 
ataj centotio, bj beating nercorr in cIk; cniciblni with i 
HgCli ud EiT«a UCL Tba tipaur □[ Uie iBsnuiy reacta with 

dI tha air and [ami calatnol : tEg * aHCl + O - Hg,C1, ■*■ Bfi. Tlie calomeJ couaeM 
on thfl lid ot the crueihlo in tfao r<ina of a snblimata (Diren, ISM). 

' HgCl] lA fAftiaJIf cMnrDttcd into calomel B*en ia Ihe aol at diaaolving-iii ordinaij 
vatoTi eq;>4ciaUy tmdoi' the aotion Cpf light. 

■>»>• AiIe«b]Teaeigelir:baH«l[oriiuliHice,tbe<iiidaaU|0iZDq,PbO, CoO, AlgO^ 
Bi^b &&), BurcotiG elide (h< Notea W, Il)aiidiiiei«itroiu oiida eaulf giiE biidcaaUa, 
whieh ara dubUt directly fonned by the action of *aler oo the normal Hit, aceoidwf 
lo the goMnl equation (lor mercuric mBOtniuids, KS^ ; 

nRX, + nB^ - tmHX + (fl-m)RX^BO 

01 elie are prcdoced dinttlj Cmm Ihs Dormal lall and the slide ol iti hTdnjtide. Thai 

«(HgNO^,B;iO,H,0, 3(HgN0]),HK,O,II,0. and B(HgNO,),Hg,0,H,O, the Grrt tm of 
■bicb ci7(UlliH velJ. Nalonlly it ii pouible either to reto eimilar lalta lo lb 
tjpg id t^drals— lot iniUucc, [he HcDDd talt lo the hydrate N,Om«B,0— or to Tinr 
it ai a nmil»nnd, BgNOj.HgHO. bol onr pnwuil Icninrledga of baaie aalta la sol 
•nfBi leDtly compUt* lo adiait ol ReneralLiatioD*. HowSTsr, it ii already poauhlo to 
Tiew Iba mbjacfiB the lollDwiug aapscta: (I) baaic aalta ai« principally fomwd bm 
Iveble baaes : (S) certain metal* (mvDlioDld aboTe) tono then with particular eaac, BO that 
Ona of the eantea of the formation of many baaic lahj mnil depend on the properly of Iho 
natal ItMlIi {1} Ihoa* buea which iMdilj (am buk Mlta aa a rale abo iMdOy kam 
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HgCI,,2HgO (in&gneEium and due form sitnilar com pounds). This 
compound is obt&ined by mixing a Bolution of corrosive sublimate 
with mercuric oxide or with « solution of sodium bicsrhonate. In 
general, with both mercurous and mercuric salts, there ie a marked 
teodency to form basic salts.'" 

Mert'ury bits e. remarkable power of forming very unstable com> 
pounds with nmmomii, in which the mercury replaces the hydrogen, 
and, if a mercoric compound bo t»ken, its atom occupies the place of 
two Atoms of the hydrogen In the ummonia. Thus Plantnmour and 
Hirtzel showed that precipitated mercuric oxide dried at a gentle 
heat, when continaoutly heated (up to 100°'150°) in a stream of 
doDble talM : Ul in Ibe lorraUion ol buio Billa. u dio aTerTohcre in chcmiatrf, when 
uilGcieiit tuu h»e ucumalilad, we detrlj tes Lha coliditioaB g( aqndlj baUnoed 
hrterogeqflDBS lyiUau, Buch u wo UiW, for iDStuioe, in Uie fomULtion of double flal^ 
cryitallo-lijdrALoB, itc. 

Tbo Diciciiiic ulU oKen fann double ulti (conSnnlDg Iha third thmia), tM menmrio 
cfaloridt eiuiiy comhinai vilb nmnioius, (arming Hg(NH,),Cl„o[ in gBUBnl HgCliHUCI. 
It* miilBn olmoTCBioDi and potuaium lOlpbiiteBbe diHOlvBd in dilute aulpbiutc uid, 
Uw Klolion aaiilj jriolds Urge ctiteurUw ctjiIkIi oI b doable utt al the compoiitioD 
K,SO,.sngS0,.aH,O. BoulUy obUined ccritBlline compoimda of loennrii: ehtorlde willi 
k]rdn><4i>»no Kid, nad inereuriD lodida with hjdriodic Kid : ond ThgauD deeoribee lim 
CDapaUDd HgBrt.RBi,(II^ u » watUrrBtallitod ttlt, mulling ot 13°. and hiTlng, in 
• (nottan stale, • ipeciflc gmity 817 ftnd a high indei ol TerrutioD. Moreover, tfa* 
tspKitT of ullifor tanaing buic campouDdBhubw«icaniider&b1)> cleend np lincetha 
btntigmlioD {br WUrlz. Loreni. and othere) of glycol, C.,Ht{OH), Imd ol poljitamla 
■leoholi rsHmbting il), bectuBe thp ethen C|H,X], corTc>[iondiiie with it, ui capabla al 
braiing compsuDda conUining C,H,Xg)iC,H,0. 

Ou tba oUiei band, Iheru is rauon to think that Uia prolierty ot lonnmg biuia ulla la 
aoDnected with tha polTtDcriaation of baHi, aqieciiLlly ooUoidiJ onea {teg the chap(or 
« Eilin. Lud Baits, and Tuu|[Btia Acid). 

" MeRnne iodide, Hgl,, la obtained Bnt aa'a jellow, and then aa ft red, precipitate on 
tmiJoB^ BolDtiona of toaiviiric salta tud potaaaJom iodide, and ia ao labia in aneicevaor tho 
latter (in coniai|Derca ot the lonnalioa of the doobte aalt, Hgiag) ; of amtDoniamchlorida 
((« a aimilu- reaaon), See, II ctiatalliiea at the oidioarf tcmperatare in iqaara piiima 
of a ml colooT. On beiDgheal«d.lhetochangeiiito yellow rhombic cijiUIb. iKisiarpboDl 
with mercuiic chloride. Tbii yellow form ol menjutiD iodide i« Tcry oDitable, and whan 
onled and tritDnled easily again astunaa the more atable red form. Wlien foaed, ■ 
rellow liquid ia obtained. Vcrcurir cyanida, Hg(CN)i, forma one ol the moat liable 
tnatatlic eyanidaa. It is obtained by diaaolring marcnric oiida in prussio Kid. and by 
boiling Pnuaian bine with water and mercaric oiide, lerric oiido being then obtaised in 
Uia precipitate. Mercnric cyanide ia a coloatleaa ciyiUllinB aabatasce, loluble in water, 
and djatingniahed by ita grvtt atability ; aolpburio acid doea not blKrate pniaeio acid 
trsm it, and even cauetio pottib d«i not remove tba cyancigen (a eomplei aalt ia 
prcAahly prodnoedj, but Ibe halogen ocidi diKugage QCN. Liko tbo chloride, it eon- 
Uon will) mcrcniic oiida. lorming the oiycyanide, Hg.,0(CN)A and it ahowi a Teiy marked 
tendency to fann donble compounds— lor oiiimpla,lL,Hg(CNl,. The alkali chloiideaand 
iodidaa lorm similar cniopoands— tor Instance, the •al(KgKI(C!I), cTjslalliHi Tery nil, 
and ia produced by directly mixing tolDtiaoi of potaesiDU iodide and in>!rciiric cyanide. 

Welle (IflSg) and Van Dhtainad ajid invaatigated maa; iDcli double aaJt^ and ahowed 
tba pouibility of tlia fonnation, not only ol BgCI,UCi and HgCljaMCI wbaia II ia » 
bhUI ol the iiUalia— for ciampla. Cs~bul aleo of BgCli3UCl,9(BgCli)UCI, ud in 
SCBual nBg?:in>M2, when: X ataoda lor itciout haloidi. 
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Jry ammonia, leaves a brown powder of Tucrcurie nitride, NjHg^ 1 
acconliiig to the equation 3HgO + 2NII,=N,Hg, + 3H,0.»'"' Thit 
BubsUace, which is attacked by water, acids, and alkalia (giving « 
white powder), is very explosive when struck or rubbed, evolviog 
nitrogen, proving that the bond between the mercury and the nitrogen 
is very feeble.'' By the action of LqueScd ammoaia on yellow merctirio 

">» See CluLptei XIX,, Nate ebii: Hg^Pr la studying ^ meUllie nitridn it <■ 
Ptcflavtry to ktiep the comapondiDg pbOfipbidAB in mind. 

" Ug]N)is>imiluincoDipoutioiitaUgiN,,&c (ChsptdrXtV.) The nidinua •ith 
which meicolHa oiCride eiplodei showi Uut the iWDaectioti bel»(«n tha niwigwi 
Ud tha roaniu; ii Tarj Dnil&b!«, and upUiai the circumatanFe th&l Lhe w-eelled 
mercury /ulrninale, oi fulminaling mtrcuTy, a ha eioeedingly elplonie labituie^ 
Thia iDb^uioe u prepued in Urge qnutitiei toe eiplwive miiloreH ; it entwi into th« 
oorapovitkiD of percnuion cjkpe, which etplode when Btmok, kod ig|&ite gunpowder, 
Uarcuj loImliulA nk> diicavered hy Eomrd, ud (lom tlul time bu beta pMpuad ia 
the lollowinB irsf ; one pirt ol mercui? i) diaaol'sd in Iwelxe pui« dI nitric uid, of 
ep. gr, I'M, uid vhcn th» nbola al the meicoiy l> dieialred, G-fi putg ol SO pA ileohol 
ue added, lai the mLU it ihiken. A rwctioo Ihea commencoi. Kcompwiied bjr ■ riw in 
tempenture due to the oiidition ol Uis olFDhol. At k nuttei oI [act. man; olidatiMl 
piodueu are prodused duiing the action ol the nitric acid on tbe alcahol (glycoUie Mid, 
etherft, &oO Whea the inaction bocoiaea tolerably vigorous, the lanie quantity of aJcohot 
ih added aa a> the cammencement. when a gioy precipitate ol the lulminalo HpantM. 
Tbii>althaathB«iiiipoaItionC|Hg(NO])K. It eiplodea nhen ttcnch or healed. The 
mecency in it may be npUcxd by othei melale— far iDitanco, copper oi tine, ftnd tlta 
■ilver. The liltet Bait, CiAg^NO^N.iaobtaJnedin a pieciiely anaiogons manner, isd i* 
STen more eiploaiie. Under the action ol aJluJi chloride*, only hall Uie iilier ia nplKOJ 
by tb* klkali metal, but il the whole ol Uw ailvet be npUced by an alkali metal, Ibaa 
tbe ■albdeeompoaoe. Thia ii evidently becanaecombinatioDioltbii kind proceed inTiitn* 
ol th* loimation ol inbatancei in which meccoiy. and melali akin to it, an coOBected 
In ui nnatable way with nitrogea. Fatauinm and otber light metal* are ineapable ol 
entering into each connection and therefore, the aubatitntion of potaaaium lor mercnry 
enlalla the aptittiog-np of the comhiuation. lavegtigaiiona ol the labnlnalee van 
oarried on by Oay'Luaaac and Liebtg, but oaly the inveatigaliooa of L, N. ShiAkoB 
fully eleand up the compoaition and relation ol tbeae aabiUncei to the olhei euboa 
oomponnda. ShiahkoO ahowed (bat luhniDataa cotiMpond with tbe nitro-add, 
0,U,(NO^N. The aiploaiieneHot the gronp dependa paitly on ila wntaining at the aun* 
time NO] and oarboaj we already know that all inch oitiogeD oomponnda ar« expIoaiT*. 
If we imagine that the NO] it replaced by hydrogen, we aball have a (Bbatooce d tha 
compoailioa CiH}N, Thia ia aoetonitrile— that i>, acetic acid +NH,-aH,0.0t ethutjl 
nitrite, (• ihown in ChapUr VI. Tbe lormation ol aa aeetia aominDnd by the action <]f 
Ditrio acid on alcohol ii eaiily nnderatood. beaauas actllo acid it piodnced by lh« onda- 
tion of alcohol, and the prodotlioo ol the ekmeota ol amoionia, indiiptntable lOT tb* 
tortution ol a citrile. it aceoonted for by the fact that nitric acid Dnder (he action at 
Ndacing tabitanoi in many catea lonna ammonia. MoTMivcr a certain analogy baa 
been found between lulDimatiDg acid and hydniylamine, but details npon thia lub- 
jed mnit b* looked lor in worhion organio chemiatry, TheaiploaivcneuollalmiDatiDt 
nareory. the rapidity of ita decomtioaitioD (gunpowdsr, and even guncottoa, burn man 
■lowly and uplode leaa violently), and the lore« ol ita aiploaion, are inch that ■ tmill 
quantity (looaely eo'tttt) will ahallar maativa obJHta. 

Tbe iavaaligationt ol Abel on tbe conmnmication of aiplotioa fiom one labalanoe l» 
tanOier are remark.ble, II gunoollon be ignited in ao open ipaca, II buna qnlelly; bol 
U fnlminating mcrcBry be ciploded by the aide ol it, the decomposiiion ot the gnneotUa 
, and it ttaeo (battan til* ot>i«Gla ufoD wbidittlieaiao rafidb 
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oxide Weitz also obtained an explotuve compound, diratii-curamroonium 
hydroxide, N,HgjO, which corresponds with an amnioiiiuni o&ide, 
(NH,),0, in which tho whole of tiie hydrogen is replaced by mercary. 
A EolutioQ of ammoDia reacts with morcuric oxide, forming tha 
hydroiido, NHgjOH, to which a whole series of salts, NHg,X, corre- 
•pond ; these are genenilly insoluble in water and capable of decom- 
posmg with on explosion. But salts of the same type, but with one atom 
of mercury, NUjHgX, are more frequently and more easily formed ; 
they were principally studied by Kane, although known much earlier. 
Thus, if ammonia be added to a solution of corrosite subliinat« 
^or, still better, in reverse order), e. precipitate is obtained known aa 
white precipitate (Mtrcurius inttdpiMlua albua) or nirrcurarnnioiiium 
c<U»ride,NHiHgCI,wbichmaynlso be regarded not only aasal-ammoniao 
with the substitution of H, by mercury, but also as HgX„ whero 
one X represents CI and the other X represents the ammonia radicle^ 
HgCl, + 2NH3 = NHj-HgCl + NH.Cl. When heated, mercur. 
fimmonium chloride decainposes, yielding inercurous chloHde ; wheu 
heated with dry hydrocliloric acid it forms ammonium chloride and 
meruiric chloride. Other simple and double salts of mercurammonium, 
NH,HgX,&re also known. Pici (1690) showed that all the compound* 
UgH^NX may be regarded as compounds of the above-named Hg^NX 
with KH,X becatise their sum equals 2 HgH,X.> ''«>'■ 



itHdecompoaition, Abel uplum thiabji inpposlng (hattheeiptgiioDotthoFulminaling 
mU bringa the moleeoln ol gniuioUon into ■ unilonn or u it itn hiriBDniaui >ula ol 
vibtMtioa, whicb cuiau Uu rapid decompmitiaa of tbo tthola m&u, TUii r^pid decom- 
pmitkin o[ upluiirt inbatancci itHnt* the diitiocliou between eiplDUOD ud oom. 
boition. Bcridei Ibia, Bertbelot thoifed Uut Irani Ihit rorm of pDwerfnl molecnlu 
<« » e B« »imi wbieb take* ptue daring tbs riploiion of Inlmiiutirig loercnrj, llw atat* 
and tlabilitj ol eqaUibrium ol lubiUDcn wbich era eadothenml, or capable 
KMibg with the diuniKAgomciit of beat— for jiuUAC4,FjBaogcii,iutTocompoiiDda, 
ailioiu (nid«, £e,~ii neneriilly dcitnyed. Tborpo sfaDwcd Ibat nrboa bitolphide. C9), 
•Ibd uk andothernial labatanca, dccani|Hi«aa into inlpbiir iwd chucoal, wbeo fulmiiutiBf 
nsrearjr ii eiploded in contact •lilh it 

o M- The capKit]! [m replacing hydrogen in chloride of unmouium hj metala alao 
bdODgi to Za ud Cd. Kvaaoili 118IM). b; the action o[ ainniDnia upon alcoholic »Ia- 
Ikmt of CdCl, aod ZnCl,, obtained anbalancn ol the general Inrraula U|NH]C1)^ lonnad 

fajrdrogen b]> a diatomie metal. Thcu eabitaiuci appear as whil<-. finely oyilalliiw 
powden. Under Ibe action ol heal ball the ajnmonis passea ofT, and a compound ol tbe 
BompautinD HCINHjCI ii lonned. The componudt ol cadmtniD and line an diirtingaiibcd 
fmo wch other by the lomer being mote Tolatila U>an the Utter. 

Wo niay lunber remark that in the aeriei Ug, Zn. Cd, and Bg tbe capacity to form 
doable latla ol divene compoaitioaiDcraaaei with the atomic weight. Tlion, according lo 
Wdia and Wa]d«-> idwrvationi (]9e»), the ratio n ^ m lor the type iiHCImRQt, 
Qi-K. U Ka. . . K-^Mg. Zn . . . }i*lot Ugli I, lorZn S^ 1,2. I, and 1: 1; tot 
f:d,beii(Ia>thi>,tiiJtbaiclioo»D sitb theratio 4: 1, and for Hg 3: 1,3 ; 1, 1; l.ScB, I: 
^•cdi: E. 
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Meroury ae a liquid metal 'is capable of dissolving other metals &nd 
forming melAllic solutions. These are generally called ' ajialgams.' The 
formation of tbese solutions is often accompanied by the development 
of a large amount of heat~-foT instance, vhen potassium and aodtum 
are dissolved (Chapter XTL, Note 39) ; but sometimes heat isabsorbed, 
aa, for instanoe, whan lead is dissolved. It is erident that phenomeoA 
of this kind are exce«dingly simiEar to the phenomena accompanying 
the dissolution of salts and other substances in water, but here it is 
easy to demonstrate that which is far more difficult to observe in tfaa 
case o£ salts : the solution of metals in mercury is accompanied by the 
formation of deBnite chemical compounds of the mercury with the 
metals dissolved. This is shown by the (act that when pressed (best 
of all in chamois leather) such solutions leave solid, definite com- 
pounds of mercury with metals. It is, however, very difficult to obtain 
them in a pure state, on account of the difficulty of separating the last 
traces of mercury, which is mechanically distributed between the 
crystals of the compounds. N'evertheless, in many cases such com- 
pounds have undoubtedly been obtained, and their eiistencA i« 
clearly shown by the evident crystalline structure and characteriitic 
appearance of many amalgams Thus, for instance, if about 2^ p.e. of 
sodium be dissolved in mercury, a bard, crystalline amalgam is obtained, 
very friable and little changeable ia air. It contnins the compound 
KaHgg (Chapter XII., Note 39). Water decomposes it, with the evolu' 
tion of hydrogen, but more slowly than other sodium amolgama, and 
this action of water only showa that the bond between the sodium 
and the mercury is weat, just like the connection between mercurjr 
and many other elements^for instaiice, nitrogen. Mercury directly 
and easily dissolves potassium, sodium, zinc, cadmium, tin, gold, bis- 
mutb, lead, d'C, and from such solutions or alloys it is in most casra 
easy to extract definite compounds— thus, for instance, the compounds 
of mercury and silver have the compositions HgAg and Ag)Hg,. 
Objects mode of copper when rubbed with mercury become covered 
with a white coating of that metal, which slowly forms an amalgam ; 
silver acts in the some way, but more slowly, and platinum combines 
with mercury with still greater difficulty. This metal only readily 
forms on amalgam when in the form of a fine powder. If salts of 
platinum in solution are poured on to 'an amalgam of sodium, th« 
latter element reduces the platinum, and the platinum separated is 
dissolved by the mercury. Almost alt metals readily form amalgams 
if their solutions are decomposed by a galvanic ctirrent, where mer- 
cury forms the negative pole. In this way an amalgam may even 
be made with iron, altbougb iron in a mass does not dissolve in 
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BercOTy. Some ainAlgama are found in nnture^for instaoce, iiilTer 
•nulganis. Amalgams are used in considerable quantitiet in Ibe Arts. 
TbnE Uie solubility of silver in mercary is takan advantage of for 
extracting that metal from the ore b; means of ainalgaoiation, and 
for atWering by Are. The saro« is the case with gold. Tin amai- 
gam, which in incapable of cryitalliaing and is obtained by dissolv- 
ing tin in m<>rcury, composes the brilliant coating of ordinary look- 
ing-glasses, which is mode to adhere to the surface of the polished 
gtaia by dmply pressing by mechanical me«nB sheets of tin foil bathed 
in DMrcDiy on to the cleansed surface of the glaas.'^ (See ' The 
Nature of Amalgams,' by W. L Dudley ; Toronto, 1889.) 
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m ud meKDiy in ths psricdio tjiiem (ChipUr XV.} Bol M 
UHHomtb aenflH til w IB Dot * VD^Io knrmo clfUDGulh it mky be thU thia iwha iHenttrfllj 

la pnrvd in oca w*y or ■ODther, il idh^ be AoiiDluded tlut the pTopfirti«< of flktcadmrum 
wdl b* bMwHD tboH olcndniiiiin ud marcorr, 1 1 ooght to twg ui UoDiic migtit of (boat 
IM, to locm u oiidfl EeO, ■ aligbU; atabl* oiida Ec,0. Bolh ODghl (o b« taeble but*, 
•aaUjIomiogdoobie and baaiDHltK. The vottuneof tbcDxidDwill bana&r1jlT'&,bacaaM 
Iba Tohuiis o[ udnumn oxide ii ibont IE, and that of mcrcuiic oiida 18. Thereton ttia 
daa^of Iha oiidB will appTHnb lT1*n-E-«-T. Tlia niBtal aught to ba uulj taiiUa, 
laidiaini vbao brattd. cl a gTej> njlaor, with a specific volome, abont It (cadmiinn - 1ft 
maNar]r-lC),and. tlieraIore,iUepei!iBcgr»it}<ies*U)iiillnearlT = ll. Such a m«ti] Is 
onkninni. Bal io 1S7B Dshl. in Nonar. dimiTsnd in Iha iilud of Ot«rS, not lu hum 
Ki^aiK, in ■ tein ol Icoland (par Id a niokel mjoe, tnuwaal a Dcwmalal vhiofa baallsd 
Donagiom, aod whioh praaanUd a esitain maambtaace to skaudmiato. Farltct puritj 
«t Iha matal «aa not attaioed, and tbarefor? tbo ptopertiea asoribad to norvaginm mocl 
be ragaidad u approiiniale, and litelr lo uadatgo oonaidarable nl' '^'^ ~~ 

■aadr- A HdDtion ol the roaatad mineral in actd na Iwioa pmnpcla 
fajdragm, and afain Ignited ; the otida oblainad na eaallf radnaad. <• MD uw bwmi 
•na diwilnd In bjdHichlorio acid laigolj diluted with wata, aod tba aalalioD boOad, Of 
haaia irit waa precipitated, and thna treed tnn the copper wUcb ranitlnad IntiMacJa- 
Ikn. TheredDcednieta1hadadanait}8'l(,auduaflTODdiHd. If tliaecHoponlioaNgO 
U aaaignad to the oiide, then Ng - ltfi-9. II huad al m*' ; the hrdrotida wu aolaMs 
Io alkalia aed potaaaium cubonats. la anj caae, il DOTweciani ia not a mitton ol other 
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■fid piaoca it ia Group V1-. aeriea 11, but then the lecblj acid bigber oxide, KgOj> oaght 



id bi aslphoralMd 



Amosgit the miti 



companying ■ 



Dtatallio (ulphide. blmdiening on expoi 
■lada si it ainoe ISA ita aiiilaoce moi 



LdifHum at Fhip»D (ISSI). H* rcmarlud 
Bcipitate ol due arilphide irbioh blackens OQ 
lie in the dark again. It* oiide. cla«l; ta. 
it iotoluble in alkalife. and Tt forma a white 



PRIRCIPLE8 OP CHEMISTRy 



CHAPTER XVII 

BOtIO!), AtVMlKIUM, AND T 



Ir the elements of Hmall atomic weight which we have hitherto 
discussed be pWed ia order, it will be clearlj seen that, judging 
by the formutte of their higher compounds, one elernent ia w&nting 
between bcrjltium and carbon. For lithium gives LiX, beryllium 
fonns BeXj, and then comes carbon giving CX,. Evidently to 
complete the series we must look for an element forming RXj, and 
having an atomic weight greater than 9 and less than 12. And boron 
ia such a one ; its atomic weight is 11, and its compounds are expressed 
by BX,. Lithium and beryllium are metals ; carbon has no metallic 
properties ; boron appears in a free state in several forms which are 
intennediate between the metals and uou-nietats. Lithium gives an 
energetic caustic oxide, beryllium forms a very feeble base ; hence one 
would expect to End that the oxide of boron, B,Oj, has still mor« 
feeblo basic properties and some acid properties, all the more as CO^ 
and N,0,, which follow n[t«r B,0, in their composition and in the 
periodic system, arescid oxides. And, indeed, the only known oxidt of 
boron exhibits a feeble basic character, together with the properUes of 
a feeble acid oxide. This ia even seen from the fact that a soIutioD of 
boron oxide reddens blue litmus and acts on turmeric paper as on 
alkali, and these reactions may be used for determining the presence of 
B,Oj in solutions. By themselves the alkali borates have an alkaline 
reaction, which clearly indicates the feeble acid character of boric acid. 
If they are mixed in solution with hydrochloric acid, boric acid is 
liberated, and if a piece of turmeric paper be immersed in this solution 
and then dried, the excess of hydrochloric acid volatilises, while the 
boric acid remains on the paper and communicates a brovm colm^tion to 
it, just like alkalia. 

Boron trioxide or boric onhydride enters into the composition of 
many minerals, in the majority of cases in small quantities as an 
iioiuorphous admixture, not replacing acids but bases, and most fre- 
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qnBntly slamina (A1,0,), for aa a rule the amount of alumiiia de- 
cream at that of the boric anhydride increases in them. This sub- 
stitution is explained b; the umilarity between the atomic composition 
of the oxides of aluminium (alumina) and boron. The subdivision of 
oxides into basic and acid can in no way be sharply defined, and hero 
ve meet with the most conclusive proof of the fact, for the oxides of 
boron aad aluminium belong to the number of intermediate oxides, 
cIomIj approaching the limit separating the basic from the acid oxides. 
Their type (Chapter XV.) R^O, is intermediate between those of the 
baaie oxides R,0 and RO and those of the acid oxides RiO^ and RO,. 
If we turn oar attention to the chlorides, wo remark that lithium 
chloride is soluble in watvr, is not volatile, and is not decomposed by 
water ; the chlorides of beryllium and magQesium are more volatile, 
and althoufjh not entirely, still are decomposed by water ; whilst the 
chlorides of boron and alumioium are still more volatile and are decom- 
posed by water. Thus the position of boron and aluminium in the series 
of the other elements is clearly defined by their al«mia weights, and 
•hows ns that we must not expect any new and distinct functioon in 
these elements. 

Boron was originally known in the form of sodium borate 
Na,B,O,,10H,O, ot borax, or lineal, which was exported from Asia, 
where it ia met with in solution in certain lakes of Thibet ; it has also 
been discovered in California and Nevada, U.S.A.' Boric acid vas 
afterwards found in sea-water and in certain mineral springs.* Its 

> B«TU iiaitlieiditectljDbtainBd from liJiB>(UieAmKriuiiUkeiigiTesboBl 1.000 looi 
uul UicUkHoFThibsb>boutl,OOOUiniper(iinain).atbThMtingiutinic>Iviumbon(c(*M 
KsM t| wilk hkUbdi cvboDBla (>bant 1,000 Umi par unom). or it i> obUined (np to 4,000 
■sua) from tba Tuicui impure borio uid ■nd udium cuboiuta (carbonic tnhfiriit ia 
*«)l'*d). Bdtu giTM auperutantad lotDtioDs with onmpkrattva «ae (Oenu-i), from 
which it crytUllJHi. both at the ordinary and highar tempemtarfla. in odahedia, oon- 
Uining Na^,Oi,SHiO. Its ip. gi, ia 1 St. Bat il tho crjBtalliution praceedi in open 
•ootl*. then at temparata'ca bstow 63°. Uia ordinary prismatic cryBtallo-bjdnta 
B.Na^f. lOH^ ii obtained. Ila ap, ge. ia 1'71, it aOlorsKH in irj air al ths ordinarr 
tonpcntorc and it 0° 100 parta of walcr diaoDlva about a part* of tbia ciritaUo-b jdrate. 
»( £0° 07 parta. and al lOO" 301 parta. Borai Faaea wbui haabid. loaea iu wabtr and 
Cirra an aahjdrDita Bait whicb at a red heat (nuoi into a mobile* liquid and aobdifiee into 
a trasipanDt amoiphoDS gtau (>p. gr. *37), wliich belom bardening aoqnirea tbe paatj 

■oltJityingacqaireachanutonalie tint! wilb the dilfarFnlDiidfa; 
■ dart blu glaas. nioliel a jollow, ehrominra a grwin, muguuac 
BlaiD a bcigbt jrellow, Sc. Oving la ita fuaibllit]i and proporty ot 
fei^rai ia empliiyed ia loldehng aod braiing metals. Borai troqusui 
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presence aay bo diacorered bj means of the greea coloratioa whidi it 
communicatee to the Same ot atcohol, which is capable of diwolviog free 
boric acid.' Many of the boron compouiidB employed id the arts ve 
obtained from tbe impure boric acid which is extracted in ToscaDf from 
the so-called aitffioni. In these localities, which present tbe remains 
of volcanic action, Eteam miied with nitrogen, hydrogen Bulphido, amall 
quantities of boric acid, ammonia, and other Bubatanoea, issue from the 
earth, ">'■ The boric acid partially volatilises with the steam, for i( a 
aolution of boric acid be boiled, the distillate will alway* ooat«in a oer- 
tain amount of this substance.* 

tremligite (D»moiir), AlBO, or AljOjB^ found in Uw AdnlcWlooik mDantuu in 
wloBllaHi lr«uil»niot ptums (ipsciflc gnritji BM) lewunblii 
(C*0}|lSiO,),B^,3tO^ ud Dlkiita, or lh« boioo-iodiDin ut 
Urgs qnutilr ol boru la noir eitncted in Ainarie4 (NdIc 1). 
b«iQ uihydnde ■omatimw 

> Thia gTMD ODlonlion li bait seen bf UJiing u ijDgholiD folstioa of i 
Ixinlc, which ■■ —xlj obUined b; tbe (elioD of boron ohlonde on alcohol, 

»<■ P. Chigaffiky iboHcd in 1B8I (at Gsneia) kbat io tha aiaporation ot mUiw 
toLaCioai id&dj saJli are carried off by tbe vapQOT— for LDitanoA, if a iQlDtion of potaah 
' "jCOj per litre be boiled, about EtmilligraDu of aalt am 
carrisd oS (or einy litre ot water e'apotalsd. With LiiCOi the amooul o( atlt oattiad 
over ii inBniteaimal, and with Na^O, it ii btll that given by EjCOj. The Tolatiliialioa 
of B,0] under tbeie DinmraitaDeee ia incompanblj greater — tor iutuioe, vbaa • 
tolDlEon eontaioiac It gnune ot EiOi per litre it boiled, nery litre ot nber atapsnUed 
~ ~ milligrama of B,Oj. Vheo Chit[eaiky paeted il^jn thniagh a 
ODlaming B,0, at 400°, it carried over to much ot lhi>i lubiUnMi that llui flaint 
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tobe with a cold Burtsce in iteam containing BgOi. QugeSilry 
le depoeil of Iha bjdiala B(OHJj on tbe aortaee of the tab*. 
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atmoapbere of at 

' How it i* that theie vapoon containing bork 
earth ia at preaent onknovn, Domaa aoppoeaa tb 
tulpkida, B,Si lolhen think boron aithdej, at a HrCaln depth in the earth. Thii aiib- 
itanca may be artificially prepamd by heating a oiittiue of bino acid and charcoal Id a 
biaolpblde vapoor, and by the direct ODDibiuatiDii ot boron and the 
vapovr of aulphur at a white heat The almoat noD-cryatalline compoond B^S), ap. gr- 
I'SG, tbuaabtaioed ia wnsawhat vdatite, huan unpleuant amell, and ii vary euayda- 
Dampoeed by water, lonning boric aoid and bydrogeo anlphide, B,3j -i SH,0 - B/>, 1 8H,a. 
it ia nppoHd that a bed ot botan aulpbide tying at a certain depth below the aorfKa ol 
tbe earth comei into eonlast with at« water which baa percotaled throogb Uia W 
n, hydrogen lulpbide, and baric aoid. Thie alio 
' eoauH the aea water eerUinl; paaaaa 
inimal matter, chiefa ia deoooipoaed 
D o( haat And erolvea amnonia. There are aeveral other hjpnlhnata tor el. 
of tha rapoura ol boric acid, but owing |o the want of other known 
localltiaa lb* eompariaon ol theae bypottaeeea ia at preaeet hardly poauble. Tb* 
Dt of bocia aBhydrida Id Iha npoufa which eaoape (rom the Toaean tnmarDllea and 
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If borio acid be iotroduced ioto an excess of k Btrong bot eolutioii 
of Kxliam hydroxide, then, od bIovIj' cooliog, the salt NaB0,,4H,0 
crystslliMC out. This salt contains an equivalent of NagO to one equi- 
valent B,0(. It might be termed a neutral gait did it not poseesa 
strongly alkaline reactions and easily split Dp into the alkali and the 
more stable boras or biborate of sodium mentioned above, which cod- 
tains SBgOj to Nq,0." This salt is prepared by the action of boric 

•offlaDi ift rtrj ioeoDBkder^tft, l«u Uiad one-tcDth per oenl^ had therefcrre tba direct sr- 
(tutioD of Iha Kid would ba Ter; anecanoniici]. hsoH Uw bentcooteiDed in (lis dinbujed 
Hpoon it nude dm of for miLpontiDg the wiMr. This ii dons id Iha [oUowing mumBr. 
ttMarroin ue uuiitnicted ovsr Iha clencaa SToIviiig Uie npoon, mi the irUar af 
aona naigbboiiriiig aphng ia piaaed iota thsm. The Ti.poDn are csoaad to pus ihroagh 
Ihaaa reaarroira, and iu ao doing thpj ^ve up all Ihair boric aoid to tha water and beal 
jt, ao that after about l*entj'>fDai houri il even boili i still thia watur onlj forma a very 
weak aolotioa ol borie acid, Thia aolotiOQ it tben pHAAAd into lower baaina aod agaiti 
salonttd bf lb* Tafonr* diaohuged from the ennk, by which measi a oortain aaunul 




qOBAtitl of boric ncid nbaorbad i Uia aame prwoi 
ao on ontil tlie water hu ooUeeled ■ aomewbat 
; of borJD arid. The Bolalion i> dnwo Irom the laat reaarrolr a into 
Of feeaela v o. and then into a aeripa of vesaela a,b,e. [n Iboaa veaaala, whkh are 
at lea4, (he aalnlioo ia also evaponled by the tapoura eacAping from Iha eailfa, 
Mtioaedenaitjof 10° toWB*.am(. Ilia allowed to aettta in the reuel 0, m wbkh 
Ja afid ayBtaUinn, jrieldiiig (not quite pore} crjitelline boric add. At teiapetaitnmf 
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Mid oa ft lolatioii of sodium carbonate. Borax toAj be perfectly pnrifled 
by oiyatalliMtioD- If a saturated and hot solution of bonu be miiect 
with Btroog hydrochloric acid, comman salt and a normal cryataUins 
liydrate of boric ncid are formed. The composition of this hydrate 
18 B(HO)„ according to the form BXj — that is, of the cotnpontioa 
BiOj,3H,0. This is the easiest method uf obteinitig pare boric acid. 
The wat«r is easily expelled from this hydrate ; it loses half at 100° and 
the remainder on further heating, and the remaining B,Oj or boric 
anhydride fuses at -^80' (according to Carnelley), (omiing at first a 
ductile (easily drawn out into threads), tenacious toasa and then m 
colourless liquid solidifying to a transparent glass, which absorbs 
moisture from the atmosphere and then becomes cloudy.* Only the 

libontian of uBmonia (B0II117). ■buorbi oubonio uliTdriils tikn ui nlkaji, diavlTaa 
i> to be dscDDtpOKiI bj w*t«i. Tli» Boag 
ft precipit«t« of tilver bormto irttli ulvflv 
nitnle, whtUt dilute ulDlimii pmipiUta (ilTet mida, lika ui ^aJL Oeorgiaarie* 
(r>aa toppoHB (ISSS) bario kabjdride tobeenlirel; Toid otieid propgniet; tnaUkddii 
on Acting OD n raJitDTV of Hlntioit* of potftuinm iodide uid iodtte. eTolve ioduHL, bal 
boric uid doM not da tbii. Witb dilabn •Dlatians of •Ddiaia bjdmiide Benlulat ob^ 
tuBed * deretopDimb of heat equal io IH ibouBvid nloriea per eqairalent ol aUnli (lA 
(cuna aodioiD brdniiide) wbao Iha nlio Na,0 : lB,Os (aa in borai) ma tekco, a^ eolj 
t thonaaDd caloriei whon the ratio waa NatO ■ B,Oj. wl 
ponerfnllT decompoan thoH •odiam bocatt* iowhioh there ia m 
Laorent (1S4S) obtaioed a aodiam tompoiwd, NaiO, tB|0|,IOBA — '-'■J-f Iwioe a* 
mDcb bona lUibTdiida ai ~ 

ODia anlirelT eeaacd. 
re aa prane to, uid 4« emMtly, fonn acid aaJla 
(that ia, aalU oontaiiuag mnah aeid o(ide| aa laaUa baaaa an Is girc base aalta, Tbeaa 
TelatioiH baoona atiD cteanr on an aa)aaintanM *ith aneb rseUe aeida ai ■iJici<v 
moljrbdle, Ac. Thtanrieljol the propntivu in wbich baJHa an able to loon laltaracalla 
aiaetly the Tarie^ ol the ptoportiou in vbieh veter oombinee with erjilalle-hjdntlaa. 
But the want at mncicnt daU in the •lodj of theee rolationi doea not jtt pMSlit at 
their baini lODanliHd iwdw anr comnHn Ian. 

With napael le Use leeble end energr of boric anhjdhda 1 thinh il Metsl to add tb« 
foUowiaf ranwrha. Carbonio anhydride ■■ abeoHwd b; a aolution of bofiaa, and d!^ 
plaeea bone auhydride ; hot II ia alao diaptaoad bj it, not nutj on tnnnn, bat al» on 
Bolalioa, u Iba praparatidB ol bom itaeU ahon. Salpharie anbydnde ia abaortiad bj 
boric aeid, lonntea * MBpond BCSSOt)^ aihMe BSO^ la the radicle o( anlphnic acid 
(D'AUy). With (hsivbaris Bold, bone aeid lOana a atabla sompound, BPO^ oc 
BjO^iOh nodeoonipDaable by water, ai Oaitanon and othen hare ahon. With 
rnpest to lartaiio asid, boric anhydride ii abt* la play tha laiu 
oiide. Btaantol. glyoiroL and linulai polyhydrio akohola alao aa 
oolaily chanuiteciilic oompoDuda with bane aBhydride, Atl th 
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e salts of boric acid are Bolnble in vater, but all borates are 
•olubla ia acids, on-iog to their easy decomposability atid the aolubility 
of bono acid itaelf Although boric anhjdride, B,0], abaorbt 9H,0 
from damp air, still in the preseoce of water it alvaf s ' combines witli 
» less qaautity of bases (borax onlj contaiuB ^). However, fosed boric 
anbydride forms a cryBtallino compotind with magneaium of the same 
type as the hjdrate (MgO),B,0, (Ebclmann), and even with sodium it 
form* (Na,0)jBjOj or NajfeOj (Benedict). As a rule, the salts of 
boric acid contun lees base, although they are all able to fonn saline 
oompounds with bases when fused. Generally, vitreous fiuxes are 
tbrmed by this means,^ which when fused recall ordioary aqueous solu- 
tinns in many respects. Some of them crystallise on solidifying, and 
then they have, like salts, a definite composition. The property of 
boric anhydride of forming higher grades of combination with baaio 
oxides when fused explains the power of fused borax to dissolve metallic 
oxidea, and theexperimeatsof Ebelmann on the preparation of artificial 
CTyrtalE of the preciooa stones by means of borie anhydride. Boric 
anhydride is, although with difficulty, volatiie at a high temperature, 
and therefore if it dijsolves an oxide, it may^be partially driven off from 
sneh a solotion by prolonged and powerful ignition : in whiob caae 
the oxides previously in solution Geparat« out in a crystalline form, 
and frequently in the same forms as those in which they occar in 
nature— for example, crystals of aloraina, which by itself fuses with 
difficulty, have been obtained in this manner. It dissolves in 
molten boric anhydride, and separates out in natural rbombobedrio 
crystals. In this way Ebeloiaiin also obtained »pin^l — that is, %. 

' It ii «id«Dt that, in Ihe preunre □( basic oiidu, irtler oompoMi wilh lb«m. trtitk 
Iwt in *a pnbabilit; detsnaioea boUi tbo UDoant of wmter ip Ihs ulta of boric ncid «« 
HB oE wKt«r- In oonBfinnlioD of lb« abovv- 
ici uid btMB, 1 thioli it matnl lo point ODt 
niog GHiO miy b. npnHtitcd u B(UO)b or 
a at ons fttom □( brdrageo by Kdiani, noco 
mpoiilion dI the acid boric Mltl it vary luigd, 
(IMS) obUined iCtfi)aBfi,, (Rb,0>lB,O| 
ud (hat U ChatctiernndDitlgobtaina' ' 
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IUh« aa B,(Oaiu with the anbititotu 

N*,B,(MH,0^1B,(OHUONa). Due 

M ia aais Innn tha (act that R«ycUe 

twm p o u diiig to boru] and (Li,0}B^], 

OtO, HgO, Ac, (ItO)B,0i. (RO)^B^„ (BO)tB,0„ <BO),B,0,, and tito {R0)^0,, 

' k gUiu can onlj b« tonpad bj tboH ilight]; volatile olidw whiah corraapotid witl> 
(mU* Midi, like >ilica, phoapborie and boric anhjdridei, &o., nhich theioHlvei giio 
flamy raaaaea, lihs qoarti, gbuia] ptaDaphorio acid, and boric uibTdrida. Thej a» able, 
lika aqiieatu KilDtimig and like inetaDic alloyi, to lalidirj sitbw in an amorpbooi form 
sr Is jisld {a even be wholly cooverted into) definilo eryalalliDe compocmdi. Tbit tIbw 
iDiwtiMei the poailion ol lolDtioDi amongit the other cfaamical campoandB, and allova 
all idloyi to be regarded from the aapect of the oomnion Uns at chemical reaetiona I 
kaT« thanlon bvqaaatly recarred Is it in thia work, and hare bIdw tb* year IBM 
o Tarioaa proiiacM ot ehnsiitry 
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and aluminiDm oxides which 



OOm pound at 
nature.* 

Free bonm was obtained (1809) by Davy, Oaj-Lussac, and Thtoard 
when the; obtained the metab Of the alkalis, for boric anhydrida 
when fused with aodiuin gives up its oxygen to the sodium, and free 
boron is liberated as an amorphoua powder like charcoal.'" It it of k 
brown colour, specific gravity 2'4C>(MoiEuui), and when dry doeaool 
n the air at the ordinary temperature ; but it bums when igoited 
oTOO", and in so doing oombines not only with the oxygen of the air, but 
.ko with the nitrogen. However, the combustion is never completo, 
le the boric anhydride formed oo the surface covers the remaio- 
,as8 of the boron, and so preserves it from the action of the 
oxygen. Acids, even snlphnrie (forming SO^) and phosphoric (form* 
hosphorua), easily oxidise amorphous boron, especially whan 
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h borio kahTttridfl. 

in the urti m unaJl qtuDtity, chieflj 

b (wbicb iniut besnei^udi initl wubed m nUa) uid of mll^ tad In 

■odlei ; the Utter (ppUcation » bued on flua bet tbal 

(ton twill, oontiin u uh which it inlniCbU by ilMU bs< 



■oiMng tbe wioke i 

the vicka, vbich uv nude 

vtiiab tetaa vhen miiEd w 

*° Amorfhom Aaron it prepved bj miiing 100 puts of powdeied borio uhjdnd* 
with GO pule o[ (odiom in bduII iBmpe ; tlui miitDre ii thrown Into • powerfnUj beded 
oket'jron crucible, covered with ft U^er of ignited iftlll, vid tbe onoible oomed- 
BeftctloD prooeedfl rbpidJ j ; the rotAt ia atirred with ui iron tod. utd ponnd dimitlj ialo 
ntet containing hrdnvhlorio mdd. Tbe iiction ii natnnllr uconpiuiied bj the Innne 
Mod of •odium bonte, <rbich ia diaeolved, together with the ult, bj Ihe ntar. whikt Om 
bona HlUai U the bottom of the veeael u u iDtoInble powder. II it wuhed is water, 
and djivd at tbe ordinary temperatore. Ma^^nm, and oreti chAKOal aod phoepbiMilf^ 
analaoaUeto reduce boron Fmn llaiside. Boron, in lb« form of u amorphoo* powdir, 
wry eaaJr pa « ai tkrongh filter- paper, remaini nipended in water, and colonrv it bnwB, 
ao that [I i^^peafa to b« aolobte in water. Sntphar prwnpitated from eolotioni ihowa tb* 
iam* (colloidal) propart;. When bom iafoied with inagnraiiini powdar.itgitMabnwD 
powder of a campoond of boron and magnninm, iig^ (Winkli-r, IMOJ, but wbea a 
miitnn ol 1 part of magncaiuni and S parU of B,Oj ia healed to redneee (Uoiaaan, ISM), 
II Forrna amorpbans boron in tbe form of a rbettnbt-eolbared powder, which, after beinc 
wiahed with water, b^rochloric and hrdroflaDne acidh ia toaad again with B,0[ ia an 
atmoaphere of hjdrofteD in order to prvrent the aooeaa of the nitrogen of the air. whkb 
ia eaailj abwirbed b;r ineandDaDanl amorplune boron. 

Sabalitr (IMI) oonaideri that a certain amonntof gaaaoua hjdridu of boron ia avDlrad 
in Ihe aolion of bjdrochloric add npoo the alloft of tnagneaium and I>«ob. bacanae III* 
faa di>«ngac«d barat with a green flame Still, the (niatenc* of hidnde tl bono eaonol 
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beftted, coQverting it into boric acid. Alkalia have the same Mtion 
on it, oDiy in this caie hydrogen is evolved. Boron, deoomposea 
■team at a red heal, also with evolution of hydrogen. 

Amorphous boron, like charcoal, dissolves in certain molten metals. 
The property o£ fused aluminium o/ diMolving boron in considerable 
quantity is very striking ; on cooling such a solotion, the boron par- 
tinlly combined with the alnminium separates out in a crystalline 
form, and its properties are then exceedingly remarkable. The 
crystaDine boron may be obtained by heating (to 1,300°) the pulverulent 
borcn with aluminium in a weli-cloaed crucible, tlie access of ftir 
being prevented as far aa possible. After cooling, crystals are obaerred 
oathe surface of the aluminium, and may easily be separated by dissolving 
the latter in hydrochloric acid, vhich does not act on the crystals. The 
specific gravity of the crystale is 2'68 ; they are partially transparent, 
but are for tBe most part coloured dark farown ; they contain abont 
4 p.c. of carbon and up to 7 p.c. of atuminium, so that they cannot 
be considered as pure boron. Nevertheless, the properties of this 
trj/ttallini substance, which was obtained by Wahler and Deville, 
are very remarkable. It most closely resembles the diamond in xtn 
propertia — in fact, these crystals have the lustre and high refracting 
power proper to the diamond only, whilst their hardness compet«a with 
that of the diamond. Their powder polishes even the diamond, and like 
the diamond scratches the sapphire and corundom. Crystallineboronis 
much more stable with respect to chemical reagents than the amorphous 
variety, and as it resembles the diamond, so amorphous boron, on the 
other hand, distinctly recalls certain of the properties of charcoal ; thus 
a certain resemblance exists between boron and carbon in a free state, 
which is furtlier justified by the proximity of their positions in the 
periodic system. 

Among the other compounds of boron, those with nitrogen and 
the halogens are the most remarkable. As already mentioned above, 
amorphous boron combines directly with nUrogen at a red heat. If 
it be heated in a glass tube in a stream of nitric oxide, per- 
fect combustion Ukes place, 5B+3NO=B,0,+3BN. If the reaidue 
be treated with nitric acid, the boric anhydride dissolves, whilst the 
boron nitride remains" as an extremely light while powder, which 
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ia BoraettiDW partiikllf cryBtalliDe and greaay to tlie tonch, like Ule. It 
is infusible and unohonged, oven at the melting-point of oickeL la 
geaeral. it is remarliBble for its greM stability with respect to chemical 
reaf^ts. Nitria and hydrochloric acids, as well as alkaline solutioni, 
and hydrogen and chtonne at a red best, have no action on it. 
When fused with potash, it evolve? ammonia, and when igiiit«d ia 
■team it also yields ammonia : 2BN'-^3H,0=B,0,4■2NH,.'■ 

No less remarkable is the compound of boron with fiuorlne — boron 
fluoride, BF,. It is produced in many instancea when compounds of 
boron and of fluorine are brought together." The moat oonrenient 
method of preparing it ia by heating a mixture of caloiom fluoride 
with boric anhydride and aulpharjc acid. 3CaF, + B,0, + 3H^« 
s 3CBSOt + 3H]0 + 2BP,," It ia a colourless liqaefiable ffot (tb« 
liquid boils at — 100°), which on coming into contact with damp kir 
forma white fumes, owing to its combining with water. One volumtt 
of water dissolves as much as 1,OSO volamea of this gas (BaiaraS), 
forming a liquid which disengages boron fluoride when heat«d, and 
diatila over unaltered. Boron fluoridecharsorganic matter, owing toit* 
taking up the water from it, and in this respect it acts like aolpharie 
add. The behaviour of boron fluoride with watermuatbeonderataodaa 
a reversible reaction, since with water it yields hydrofluoric and boric 
acids, whilst they, acting on one another, re-form boron fluoride and 
wat«r A state of equilibrium is set up between these four substances 
(and between two reversible reactiona) which is distinctly dependent 
on the mass of the water.""* When boron fluoride is in great excew, 
the equilibrated aystem, which is capable of distilling over (sp. gr. 
Uoiiiu (ISSI). Ihs ution of phoipboni* npiiQ lodida ol bonn, Bf,, (onni PBIg. «ad 
when fasaled lo S00° in faydngM it [onni BP. which girsi PH, with ftthod KHO. 

'> Wbeo tnind with potaMiDin (MrboniUi ii Inmi pnluuim cjuMte, BN + KjCOi 
*KBO, + KCNO, All tliU *hD*< thii baran uitridn ii ■ nitnle of boHc uid. BCKOH) 
■hNR^^aHiOsBH. The lunc i> eipTnwd b) Hying Uul boron luUidBit ■ cmnpoaiid 
ol Iha (fpe ol Ihe boron conpoondi BX], with the nibaljtalioa of Xibj nitrogsD, h llw 
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»,NHj. 



'^ Boron ODohda i* frujiuiDllj evolved m beating corl 
lutara containing both Inron uid flnoiias. IT Hldiiin I 
uih;nl'i>l<', colcluut borilc aod bonm llDonda ■» Cunnal, 
roUliliud. aB/;i<-SC*F,-3BF«->CasB,0c- The nlciai 
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oorroda glui. but Iha hydruflooris arid liberali>d in Uw 
ebon. Bnrnn Ituorida nboiOd ba coUeclad 
e*(T mercury, tM water acta on (t, «« we Hiioll w ■ftannrd^, 

'">■• II (ppnara lo ma thAb Iroin thia iininL of <(ie* ft li powlblo lo andoiHaad lb* 
■ppuonli; rootmdicloTj rMnlU ol dillarrnl iiinvtimlun, eipKl&llj thins otOar-LiuHa 
(ud Thjurd), Daiy. Bofuliui, ind BauroH. In tbA lorni in vhitb Iha HHtion ol HP, 
on wiier i* c>*on hare, it ia nidnl tbnt Iha act of aolotkio in wal 
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o! the liquid 1"T). has a composilion BFi,2H,0 (or B,0„H,0,6HF). 
It hu also its corresponding b&Ub.''' It i« a caustic liquid, having the 
properties of a powerful acid ; but it does not acton glass, which shows 
that there is no free hydrofluoric acid present. Under the action of 
water this Eyetem changes, with the formation of boric acid and 
hydro-bo rofluoric acid (HBF,) ftccording to the equation 'fBFiHfO, 
-:3HBF,+BHjO, + 5H,0.'s ThU hydroboroBuoric acid has its 
corresponding salts — tor instunt-e, KBFj. On evaporating theaqueoua 
(olution this free acid decomposes, with the evolution of hydro- 
fluoric acid, and a stable Bjstem is again obtained : 2UBF,-t-GH,0 
» B,p6HniO» + 2HF. Theresultant Bolution(oontaining2BFj,5H,0, 
•p> gr. l'S8), which is identical with that formed by the evaporation of 
K solution of boric acid with hydroHuoric acid, again only contains 
t, compoand of boron fluoride with water. Probably there are 
various other possible and more or less stable etftt«a of equilibrium 
and defnite compounds of boron fluoride, hydrofluoric acid, and 

Nothing of this kind occurs with boron chloride, because h;dn>- 
ohlorie acid dues not act on boric acid. However, amorphous boron 
at 400° burns in chlorine, and at 410° forms boron chlorirle, BCLj 
The boron bums in the chlorine, forming a gas which, in a freeziiig 
■Dixture, condenses into a liquid boihng at 17°, and gives up its exceM 
of chlorine, If there be any. to mercury. The specitic gravity of thia 
liquid is 1-43 at 6°. Boron chloride may also be directly obtoiood 
from boric anhydride by the simultaneous action of charcoal and 
chlorine at a high temperatore ; B^Oj-f-SC-t- SCI, = ^BOIj-t-SCO. It 
is also obtained by the action of phosphoric chloride on boric an- 
hydride in a closed tube at 300°. It is completely decomposed by 
water, like the chloranhjdride of an acid, boric acid being formed ; 
hence it fumes in the air: 3BClj+6H,0 = SBHjOj-feHCI. Borcm 

colQplei bot direct cfaemicfti tnjiifonnfeliona, aaJ I think ihtt thii cxunpJc fthould pTov« 
Ibe jdilfiDH of thoH obKrvatiom upon tho o&tiirf- ot ulatioDB wluth fere given La 

<' TIi*r ixa oallsd flnobonUL Tbey nuj ba pnpMwd diiMtlj from Bnoridei M|d 
botstn. Such oompoundB ul hiUagrut vitb oiygeo ulte m kiiovD in nulnic ([or 
lutaoefl, fep*Lit« ud borocitfi), wid mfef be utiAciallj pnpuvd. The eomposliian of 
th* BnobonM*— for eumple, K,BF,0,— iut be tipnUai » tbst of > acubk feutt, 
B0(0K)3KF. 11 fell flicesa at walcr diicoDipMefe Ihem (Bauroir). ihis donH nob pmre 
■hal they do not «Tht ta each, Tor mfeny double >felb« fen dccompofeed by wa(or, 

>' Tldoboiio nAid ooDtfeini bnTon Unoridii fend vater, hjdroflUDbohc fef fd, baron flm^ 
tide, fend hydrDfloorio Kid. Il ii avidsut that on Ibe one lide Uie coiDpsliltoa beMcfg 

the foTDoi which feel brn. From the lut Itat brdroboroflHiric fedd, KBF,, eao mlr 
aiD in u tqaBoam »Ul!aii. il oroil be luumed Ihfet ii fonu ■ eomewbfet atabla tjtHaa 
dbI]! in (he pceunce of aUfi 
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InrSN «itll (nomine a. nmilar compouod, BBr,, ipeafic gravity at 

t*«2-44. ttutHog *t 90*. Tbe vnpour deodciM ol the fluoride, chloride, 

broinidB of boron show th&t thej eoatsin three atoms of the 

the molecule — that U, thaC boron is a triralent element 

farming BX,." m* 

As in the'fint group lithinin is foUowed by Bodium. giving a mon 
baatc ffzide, w in the aecond group beryllium ia foUowed by msgnoaintD, 
aod %o alio in tbe third group there ii, besidea the lightest element, 
boron, whoae basic character is scarcely deSoed, aluminiu.m, Al = 37, 
whose oxide, alnmioa, has somewhat distinct basic propertjea, whicb, 
although not ao powerful as in magnesium oxide, are more distinct 
than in boric anbydride. Among the elements of the third group, 
aluminium is the moat videly distributed in nature ; it will be sufficient 
to motition that it enters into the composition of clay to demonstrate 
the uuiverial distribution of alumioiiim in the earth's crust. 

Alumina is so named from its being the metal of alums (rUumen), 
Claj/, which is so widely distributed and &miliar to everybody, is 
the insoluble residae obtained after the action of water containing 
carbonic acid on many rocks, and especially on tbe_ feUpan contained 
in aiwie of them. Felspar is a compound containing potash or soda, 
alumina, and silica. The primary rocks, like granite, contain many 
similar compounds (hs Chapter XVIII.: Felspars). Felspar is acted 
on by water containing carbonic acid, all the alkalis (potash and 
soda), and a portion of the silica passing into the vater as substances 
which are soluble and carried away by it, vhilst the alumina and 
•ilica left from tbe felspar remain ou tbe spot where the solution 
has taken place. This is the original method of tbe formation of 
clay in its primary deposits among rocks along whose crevices the 
atmospheric water baa permeated. Such primary deposita often contain 
a white pure clay, termed kaolin or porcelain dag. But such clay is a 
rarity, because tbe conditions for its formation are rarely met with. 
Tbe water, whilst acting chemically on rocks, at tbe same time destroys 
them imtcAanteoUy, and carries off the finely divided residues of dis- 
int«gratioii with it. Clay is most easily subjected to this mechanical 
action of water, because it is composed of grains of exceedingly small 
aiie and void of any visible crystalline structure, which easily re- 

'• "■ [odid* dI boiDB, BIj. vm 
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bumad bf lUaiHU (I8R1I, b] ht^iiDg ■> luiitim a( 
tJCl} in ■ (aba, nc bj Iha uljon o[ iodina npour (al 7(0°) oi HI 
, Bit ii k "I'd (Dtutun which dixaUai io bvniwl ud CS^ nut* 
wilb vatar. DalU al 18°. bolta at 110°, hu a dsniit]' S-8 al M>°. and paitiallj deoompoaH 
iDlhaliKht. fi«Kni|ia«)obtaiii*dBIBr, (bw1iiigall3ll°|.andBI,Br(bailmgablB0>) 
br twatiDi |»IW-<H)°I a miitun of Uw npoon of HI and BBr^ and iboirad that NHf 
■obUsm wMta B&ri aod BIj id larioai pn-iwrtiom. 
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main euspeoded in water. The cloudj water of running mouotain 
•treams g«neraUy conCaios particles of clay in suspeDsion, owing to the 
■bove-deavribed cbuniical aud mecbauiciil action of the water on the 
minenilB contained in the mountain rocks. Together with theie 
minute particles of clay the water carries awaj the coanwr componenta 
on which it is not able to act — foi' example, splinters o£ roclt, 
grains of niica, quartz, i^c. They were originally held together by 
those minerals which form clay. When the water acts on these 
binding minerals, & sandy mass ia formed which water bears away. 
The cloudy water in which the particles of clay and sand are held 
in snipension carries them to, and deposits them at, the estuaries of 
riTers, lakes, seas, and oceans. The coarser particles arc first deposited 
Mid fonn sand and similar disintegrated rocky matter, whilst the 
day, owing to its hnely divided state, is carried on further, and is 
only deposited in the still parts ol the rivers, lakes, &C. Such dis- 
integrations of rocks and separations of olay from sand have been 
gntdoally going on during the millions of years of the earth's existence, 
•nd are now proceeding, and have been the cause of the tormatjoa of 
tbe immepae deposits of sandstene and clay now farming a part of the 
•artb'a strata. Such beds of clay may have been transferred by cur- 
nuts and streams from one locality to another, so that wo must dis- 
tinguish between primary and secondary deposita of clay. lu places 
iheae beds of clay have, owing te long exposure under water, and 
perhaps partially owing te the action of heat, undergone compression, 
and have forued the rocky masses known as clay slates and schists, 
which sometimes form entire monntains. Rooting slates belong te this 
doss of rocks. 

From what has been said above it will be evident that these 
deposits can never consist of a chemically pure and hnm<^eneoU8 sub> 
stance, but will contain all kinds of extraneous insoluble finely divided 
matter, and especially sand— that is, fragments of rock, chieOy quarts 
(SiOjJ, It is, however, possible te considerably purify clay from 
tJiesc impurities, owing te the fact that they are tho result of 
ntecluuiicaJ disintegration, whilst the clay has been formed as aresidue 
of the chemical alteration of rocky matter, and therefore its particlea 
are incomparably more minute than the particles of sand and other 
rock fragments mL\ed with it. This difference in the size of the groins 
causes the clay te remain longer in suspension when shiiJien up in water 
than tho coarser groins of sand. If clay be shaken up in water, sad 
especially if it be previously boUod in it, and if after tbe Brit portion 
haa settled the cloudy water be decanted, it will give a deposit of a 
very much purer clay than the original. This method is employed for 
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purifying kaolin designed for the mtnufBcture of the bpst kinds of 
china, e&rtbenware, dec. A similar nielhod is also employed in the in- 
vestigation of earths for determining the eompotitton of toiU chiefly 
oompoeed of a mixture of sand, clay, limestone, and mould. The 
limCBtona is soluble in dilute acids, but neither the clay nor sand passea 
into solution by this means, and therefore the limestone is eaaily 
Mparated in the investigation of loila. The cla.; ia separated from the 
sand by a mechanical method similar to that described above, and 
termed levigalion.*'' 

" The jgoc e — of Eecrj^afun u bAted on the diiferecco in Lho ^iunetcn of the pulicles 
of d*y utd Buid, la dsDDtj thau putLcIn diAai bul little from etch other* uid thaie- 
[ora ■ itrsHn ol wslar ot B ceruia velocLt; ud only 0117 awty the partulu ol ■ «n((io 
djuaetsr, iihilil the putidei dI ■ lugcrdiuiielei cuuat be home twtj bj it. Thii b 

(nOTing in it iDcreuei with the lelocii]', and therelarv ■ mbitaoee f«lUag iola *Uer will 
ooJt mave with ui iocrewD j >elooity until iti weight aqn&li the re ri ilmee offered by 
Ihu wetor, imd then (he relocitj will be anilgnn. iad u the w^ht ol the oliDUt* 
perljclei ef oUj ie inull, the maTimmn velodtT ett&ined br tbeto in falling ia aleo amalL 
A dfltAiled aoooiiDt ot the theory of falling bodip* in liquid, and of the eipenmanta beer- 
iog on thia lubject, may be foDod in mywoik, Cancr^ning tht Rerialiu^e of Li^idt and 

lakelonger to fall to the bottom. Heavy perticlei. although of amall dimeauona, fall mon 
qniekly, and are borne away bj waterwithgreateidiffleultylhaJi^llgbUT. In thlBwej 
gold and other hniTont an waahed free bom Hiod and cliLf, end thBOOarter portionaand 
baaner putidei are Istt behind. A cnirent of water of a certain TatociC; mnoot can; 
awjtj vith itpaiticlea of more than a definite diameter iuiddeD4i<y,biit by incnaaicgtb* 
Telocity ot Uw eurteni a point may be arriiad at when it vill beat away luget putiolas. 
A deacnplion of apparatua for the obwrvation of pheootneua of thii kind 11 gtTen by 
Schiine in hii memoir \n the Truiwctiou of the Uoacow Society of Natural BeiaBoea tat 
1607. lo order to be able aocuralaly to ttij the tolocilj of the coirent of wslet, a 
cylinder ia employed m which the earth to be eiporimented on la placed, and water Uii>> 
uodwied thioogh the conical bottom ot the cyUnder. The rate at which the watw tlMa 
in the cylinder will <iaiy according to the quantity of water Bowing par unit of Lime iota 
(he Teend, and <i>nei,quiDtly particlea of Tarioni aiioi will be canied away by the nlu* 
flowing over tiu npper cdgei of the TesaeL Scbona allowed by dirwt eipenment that a 
cnrmtol water having a telocilj of OlJouu. pet Hc?aDd will cany away {uticlea banng 
■ diameter of not more ttuu 0-OOTE mm., (bat ia. ooly the mott oiinule; with a Telocity 

doet not eieeed one ot Iheie velocitiea, it will only cany away or wash away fiarticlea 
haTing a diameter leaa than that iDdicsled. The aand and other patticlei mijed with 
the clay will then remain in the vnael. The very minute partidee obtained Dft« levf- 
gatioD are al! eonaidered aa clay, although aot only clay but other rock reaidne may also 
exin in it aa nry Sne puticlee. Boweter, Ihia i> very seldom the caie, and the dna 
toad aeparaled from all clayi has pnotically the aame oompotition ai the pnieit Uoda 
of kaolin. 

The relation between the amounta of clay and aand in aoili oaed for the cnltivatiDD ot 
|ilan(a ia teiy important, becauie a Kil rich in clay it darner, heatiar, ilmnkt op ondet 
Ibo action of heat, and dooi not readily yield to the plough in dry or wet weather, wliilit 
and rich Li (and 1* biahla, cnunbling, eaaily parte with ita OKMiUue and driei rapidly,. 
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B; treating c\ay with stroDg Bulphuric Hcid, which digsolvea the 

alumioBinit.aDd thea(by mesas of aDollcaline carbonate) dUsolving the 
silica which was combined with the alumina in the clay (but cot that 




lunlly il- slotB 
m dI Itriiliseii ; uid tha 
xnl, aaHbj driiuiigB moA 
W4Mrilig), *iid il< faiiiliiiitioti.if ciRi«d an in caolanail; ntUi its compotition And nilh 
Qm pnpaitii* ol Uw pliuiU to be flultirtted, ue opsble ol lenderiog not ddIjt efeij 
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occaning in the form of wnd, i:c., which is luirdlj dissolved by ca^ 
boaato of Boda solution at all even on boiling), we may forni an id«« of 
the proportion bet weea thecomponent parts of a clay ; and by igniting 
it at a hi|{h temperature wo may deteriDine the amouot of water held 
in it. In the purer sorts of clay dried at 100° (sp. gr. ol pure kaolin is 
about 2' 5) this proportion is about 2SiO, ; '2HjO : Al,Oj. IntbisGSM 
D of febpar into kaolin is expressed by the equation : — 

KAAlA.6SiO, = A],0„2SiO,+K,0,48iO, ; 



the compound K,0,lSiO, passes into solution. 

But as a rule clays contain from 45 to 60 p.c. of silica, from 30 to 
30 p.c. of alumina, and about IS p.c of water; and it oannot bft 
supposed tliat claya are always homogeneous, because they art 
an aggregation of residues (of silico-aluminous compounds) which 
are unacted on by water. Nevertheless, clays always contain a 
hydrous compound of alumina and silica, which is able te give up Uw 
alumina contained by it as a base to strong sulphuric acid, forming 
aluminium sulphate, which is soluble in wat«r. After this treatmont 
the sih'ca remains, and is soluble in a solntioa of an alkaliiie car- 
bonate. " 

■cdl fit f cpT culliv^ioQ) but tlu of Improving iUTblnB. uUut in ibfloooTMol tinM whole 
eeanliiM (lika HoUand) nuy ilcul; unprove Ituir •fcricoltunl pDulion. vhilM >Did*t 
thd ordinKTj rigme of oontiDoed exbuiiitiDn ol tha kU, Boliro ivgiont (■*, for **t*Tr*T. 
muf puti ol CanlMl Aiii) nuj be nndand niiBt lor as; agrionltDn. 

■■ EtBrroua knotrt that a mixtare of clay and watar it vndowrd with tbfi pnparty <4 
Uking ■ giTSD lorte when mbjulcd lo a loadEnta [«bii», Tbii plaaiuiii; at daj 
renden il an invaluabto miUtfial (or ptactical pnrpoaas. Fnun daj ara moulded and 
maaofaotiDwl a Tariatj of obieda, baginuui^ with the oonunoo brick and andinc vilh the 
DMMl d»Lieatd china worhi ol art. Thia pltutietly of clay Lncreawft witb ila pvrii^. 
When nrliclee made ol elaj an dried, Uae wall-kuoim bard tnaaa ia DblaJDed ^ but water 
KaaliH il away, and turtbarmora, the Daheaios of ita partiotia ii ngt ■nffleienUy gnat l« 
il to Fvatil the innpreaaiou of Uowi, ihoc^ fte. If neh an article be lubjeeifced to iha 
action ol beat, iu Toliima Gnl damuaa, Uwa it bagina to loM vatar, and il ahrlnka aUU 
further (in tha oaaa ol a ampad Duaa approiisiatelj bj t of ita luiaai mefwumuml}. 
On the other band, a gieal oobetenM of paiiielea 1> obtained, and Ihiia banl slay baa tba 
hardnan of ttone. Pure clay, boweiar, rhnnki to considenblj wlion burnt Ibatlhafann 
gi*ea to it it deelroyed tmd crackt ramily form ; luch Taaati* are aleo poroaa, ao thai 
they will Dot bold water. The addition of land— Iha - 

cAamoffp— thai La, already bnrnt and cru»hod clay — rendara tha m 



l.,*e.|ar 



le lun 

1b the lonaoe it only baked and don not i 
lo waUt lb* day mnit aitbar be miied wit 
fanuue, panneatiiig the elay and IllliiiK s 
Bfiicia ia coiend with iDob ■ glaaaj fnubli 
ol clay giVB whal ■■ known aa cbinat in Ih 
luUnoe, by oovenog the aniiaoe ol clay ar 






day aniolaa fbricka, 
being bnmt, beCHiaa the clay 

hich form a gUaay maaa is \io 
elie only Ibe nrfaa of (ho 
tha Brut eaae the pnreat kind* 
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Clay is the source from which alumina, A],0], and the majority of 
the coiDpounds of alumimum are prepared. Among these compoimda 
the most iQiporlant are the alums^that ie, the double sulphates of 
potaasium(and allied metals) and aluminium, AIK{SO,)},1311gO. When 
claj is treated with Eulpburic acid diluted with a certain amount of 
water, aluniiiiium sulphate, AI,(SO()], is formed ; and if potassium 
carbonate or sulphate be added to this solution, a, double salt or 
alum is obtained in solution. The alums crystallise easily, Aod aro 
prepared on a very large manufacturing scale owing to their being 
employed in the process of dyeing. Alums are soluble in water, and, 
on the addition of ammonia to their solutions, they give hydroitt 
o/umtna, or a'uminiuni hydroxide, as a white gelatinous precipitate, 
which is insoluble in water but easily soluble in acids, even whendilutc, 
and in aqueous soda or potash. The solubility of alumina in acids 
indicates the baaio character of the oxide, and its solubility in alkalis 
and its power of forming compounds with them shows the weakness 
of this basic character, However, the feeblest acids, even carbonio 
add, take up the ailkali from such a solution, and the alumina then 
separates out in a precipitate as the hydroxide. It must alao be re- 
membered as characteristic of the salt-forming properties of alumina 
that it does not uorabine with such feeble acids as carbonio, sulphurous, 
or hypoohlorous, ic. — that is, its compounds with these acids are 
decomposed by water. It is also important to observe that the 
hydroxide is not soluble in aqueous ammonia. 

Alumina, At,0,— that is, the anhydrous aluminium oxide— is 
met with in nature, sometimes in a somewhat pure state, having 
ciystallised in transparent crystals, which are often coloured by im- 
purities (chromic, cohaltic, and ferric compounds). Such are the niby 
(utd sapphire, the former red and the latter blue. They have a specitic 
gravity 4'0, are distinguished by their very great hardness, which is 
second only to that of the diamond, and they represent the purest 
form of alumina. They are found in Ceylon and other islands of the 
Indian Archipelago, embedded in a rock matrix.'^^'' Comndun is the 

tin, IbA weU-known whjt« tiUvi in obt&icied, bacauu the Diid<M of theBS matat* ^re * 
*tii1« gloH when fuiaJ wilh tilia hdej oIaj. In ttu pre|iafabiEm of china, flD« spai mid 
SimIj groDod aibcM la mixed op igto thfl oUy ; thoH ingrsdientB give * UHu whidh ii 
iotiuibla bot (otleiis in Uis (arnue, h thkt all Ibe puticlei rjl ttie cU; oohsre in this 
Kfleaed duab, ^hich lurdena on wolicgr A gUu oompoAsd of glonHy ADbttADceH, which 
on] J hiie At & lugh UusporAtnr^, ■■ al» applied to the BaHb» of chioA utictct- 

'*"■ Prjui; (1S9U) ohUiaed tntiip&retit mbiei. which ccriUUiied in rhombolisdn, 
■nd tamblEd n&timl mttiu iu their hifdneu. coIobt. *iie, and other propetliot. Ha 

polHh, with buium fluoride and bichroouila ol poLiBeinnL The Ulter ii added 
to (i'e Uie nib} iL> culoui, und is lakta in emiiU qatntil]' (not more than 1 putt by 
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same orjetallised anhydrous ilumina coloured brown by a trace of 
oude of iron. A very much lai^er portion of this impurity occurs in 
«tn<ry, which ia found io cryst&ltine masses in Afia Minor and in 
Massachusetts, and owing to its extreme hardness is employed for 
polishinf; atones and metals. In this anhydrous and crystalline state 
1^0 alumioiani oiide ia a substance which very powerfully resists the 
action of reagents, and is insoluble both in solutions of the alkalis 
and in strong acids. It is only capable of passing into solution after 
being fused witb alkalis.'^ Alumina may be obtained in this form by 
ftrtifidol means if the hydroxide be ignit«d and then fused in tlie oiy- 
hydrofien Qame." Alumina also occurs in nature in combination with 
water — as, for instance, in the rather rare minerals hydrargillitv 
<sp. gr. 2'3), A1,0„3H,0 = 2A1(HO)„ and diatpore, AI,0„H,0 
b: 3AI0(H0) (sp. gr. 3'4). A lets pure bydrat«, mixed with ferric 
oxide, sometimes occurs in masses (at Baux in the south of France) and 
is termed bauxite ; it contains Alj03,2H,0 = AljO(HO), (sp. gr. 2-6). 
When t>anxito is ignited with sodium carbonate, carbonic anhydride 
is liberated and the alumina then combines witb the sodium oztd«v 
forming a saline aluminate of the oxides of aluminium and sodium. 
This is taken advantage of in practice for the preparation of pure 
Alumina compounds on a large scale, for bauxite is found in Urge 
moBsec (in the South of France, in Austria, and in Carolina in Bontb 
America), and the resultant compound of alumina and sodium 
is soluble in water and does not contain ferric oxide. This solution 
when subjected to the action of carbonic anhydride gives a precipi- 
tate of aluminium hydroude," which with acids forms aluminium 
««ight In too puta ol altimint). Th* miitnn it pat into ■ cUj' cntrlblf, ud bcftM 
(for troQi lOO hoon to 8 dk^i) in m reverbflntory fumue it a (flmpflntDja ■ppronchijif 
1,600°. At Iba eod of the eiperinmnt the cnicible «u foand Io conUiB it ctrMal- 
lincmiLU, ud thenU(iraie«iVBnd*iUiDrj>l>]BD[ the tiib]ia(>beuiUfglnHeolau. 
Il KH Imind th(l the Mtnatt ol moiit ui wu indiipenublc loi the nulion. AeM>rdia| 
to Fttm^, the fotOialHHi ol the robj nuj be bare erpLuDed bj the to 
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Bllti. If aqueous ammonia be added to a Bolution of slDminium 
sulphate a gelatiooua precipitate is foniied, which at first remfiini 
siupeaded in the liquid and then on settling forms e. gelatinous mass, 
which itself indicates the colloidal property o/ aiuininiuni hydroxide. 
The following points are oharactoristic of thin colloidal state - (IJin an 
anhjdroua state such a colloidal aubstance is insoluble in water, u 
alumina is ; (2) in the hydrated state, it is gelatinous and insoluble in 
water ; and (3) it is also capable of existing in Bolutions, from which 
il separates out in a non-crystalline state, forming a substance re- 
aembliug glue. These different states of colloids were distinguished by 
Or&ham, who gave them the following very characteristic names. He 
called the gelatinous form of the hydrate hydrogel, i.e. a gelatinous 
hydrate, and the soluble form of the aqueous compound, hydrotal, 
from the Latin for a soluble hydrate. Alumina readily and frequently 
a.taumes these atates. The gelatinous hydrate of alumina is ita 
hydrogel. It is, as has been already mentioned, insoluble in water, 
and, like all similar hydrogels, shows not the faintest sign of crystal- 
lisation ; it is apt to vary in many of it) properties with the amount of 
water it contains, and loses its water on ignition, leaving a white 
powder of the anhydrous oxidet The hydrogel of alumina is soluble 
bolh in acids and alkalis. It may also be obtained by the evaporation 
of its solutions in such feebly energetic acids as volatile acetic acid. 
These properties are very frequently mode use of in the arts, and 
especially in Oie firocutea of dyeing, because the hydrogel of alumina 
in precipitating attracts a number of colouring matters frtfln their 
Mlutions, the precipitate being thus coloured by the dyes attracted.** 



with hydnmrbau tkpaun, m 
Ihc tmtmant ol hutiHa m 
MlBtwn (g 1 mole 



chloiida Iheu Totatilius. E. BajBC obierved [ktt in 
dft. abant 4 molwi]l«B of oodiom bydroiidfl pMI lalo 
cole of AlamiiiK, uid tlut on >gitBtiDg thli (olalinii . (sapeaiiU j in tha 
tlmidr pncipitctvd >]amiiiiam hydroxide), sbrnit tvo-lhiidi al the 
ftlninina ii prmipiUti-d, to tb&t odI; 1 molecule of eloniiii* to 11 inoleonlai of •odicun 
li]Fdtwcid« retD^e in j»Lation. Thi« Bolation fa arftporated (linicl];r> ^'^d u«d igua. 
B» theietoTB tnaU b4iilite directly with a aalulioa of N»UO it 110° in • dowd 
boO«t, uldoD cooling Addfl hjdnted alaminaCo tha TesDltant aolntioD. Tb* gnatar part 
of tba dia»]Ted ftlumiiiH then prpcipitateB on (hia hjdnted ftlamiDa, and the aoli^iofi is 
tufd Ofar a^n. The hydraiida wbiofa Hparttai (rom the lUfadine lalDtian BonUins 
AllOH),, All IheH propeitloa beu ■ gIMl rotombluce lo thoH of boric add. It maj 
btUken loi gnjited that lbs tetation betmen Bodinm bydioiidc uideJaminaiu iolutioo 

U lioie ba added Ut a ulntion of alamina in ^luli (eodiom lUcimiiA&la) nialtun 
alominata ii preoi^Uted, from irbioh Bdda 6nt cxtrKt the lima, leBTing alumininoi 
bjdrotida, vrbieh ia ea^y Bolnbia in acida (Ixwwig). Whan aediDm a j a n il n ate ia mixed 
^Ih ■ aoliiUon of eodiam bicuboiiaU, « double cubonate of the alkaJi and alpcciniiuD 
il precipitated, wbiah ia ejiailj eoZuble in aaida. 

" lieae eolonred predpiUtea of alDmioa ve Urmed IoIm, and ue amplored in dye- 
ing luiDca and in tha fonnetion of eirioua pigm^nii— lodi ae paetala, oil ooloun, Ac 
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The [jreparatioa of fiied djM and the employment <A alntninou 
oompoands (laordantx) In the proceases of dyeing ftre foaadcd aa thu 
fact.'* When precipitated npon the fibre* o( tissues (calicoe*. Uneiia, 
4c.) the aluminiam hydroxide renders them impermeable ta water ; 
Thai. H organic rolouring BiKltm. ench u loewooa, madder, Ac,«re kddsd to nololiail 
of inj alammiaiD ult. >Dd Uwn an alkali ii added, » tbatslttouDaouf bapraaipiUtt^ 
tboB pigBMsnts, "hich ve bj thamadttn (oltibla in water, wiJJ dodib down with tka pt»- 



t alamlna ia able to eambine with tbe colouring matter, and thai 
tbla compound i> DDI dAoompciied by nter. The d^ tben besoma JDiolnble io water. B 
K dye b* miied with Btvch puto and alimuiuuni loatoU, ud tlwii, bjr raeuu o< 

then healed, the aluminiDm uetalo willleave l^a hjdragcl ol alomina nhich bindi tha 
oalaaring matter. »nd water will do longer be able to waah tha pigmant from the material 
—that ia. ■ aa-called ' flied ' dye i> ohtaiaad. In the eaae of dyeiog ■ fabria a uiilam 

meiuit the ustiD acid ia driren all, while tha bydrogel ot atomina adherea lo the flbn* ol 
the maierial' If the latter be then paeaad through a aolDtioq of a dye id water, th* 

It «rt<unpftrt<ol the material lMprDlecledbythaapplicaIioDo[uiaaid,«nchastaiterio, 
C(H^,. oialic. citric, to. (Iheie acidi being noD-To!stile). the alumiiia will be dtawtnl 
in thoaa parta, and tho pigment will Dot adhere, io that after waabiDg. a white daaigB 
will be obtained on thoae parta which ban been ao protacUid. 

Id djc.»Drk< (he nluminiam acetate ia gaaerally obtained Id aoIotiaD by taking t, 
■olDtinn af alam. and miiin^ it with a aolnlion ot lead icalata. In thii eue lead 
■nlphale b precipilalad and alaminiaoi acetate nrnaini in eolation, logeihw with (Mbv 
acetate or tuiphatc of potaaaiDm. according to the amount of acetate of lead fint takaB, 
The complete decompmition will be aa foUowi: KA](SO,),-f lPb(G,H^>,>=KCiHsO, 
4^ A1(CB,0,),-> SPbSOi, ot the leaa eonplata deconpoaition, 9KA1(S0,), + «Pb(Cin^O,)| 
•=Ul(C,lI]0])]4^K,S04-t8Pb30,. II (he reenltant eDlotion of ahminiom aatal* ht 
«nporaled or further boiled. Iha ifstic avid paaaea oS and the bydrogel a[ alamina 

Aa the lall of pobueiDin obtained in the tolot 
For waabing, and tha talb ot lead piecrpitated haa nc 

proceaa of dyeiog mainly becanae btrth the aalta employed, alqm and angarof lead, aaaily 
cryilalliaa, and it ia May to judge of their degree ot pority in thii lorn. lodead, t% it 
Tory important to employ pDca teagenta io dyeing, becaoie if impnrily ' 
an a email quantlBl^ ot an inn componnd^tlie tint of the dye ohangea ; t 
a rod colour wiUk alnmina. bot it oxide ot iron he present (be red changea ii 
tint. The alnminiiun hydroiids it aoluble In aDcalia, wbilat ferrio oxide ie ni 
fore aodinm alominale — that ia. tha dievolvad compound of algtoina and can 
obtained, ai ah^ady described, from baaiite, it aometimea aniployed in dyeing. 
•laminiain aalt givae a aolDlion eontaiaing aodinni alnmioale free from inm. whan it b 
tnlied with emeaa of eanatic aoda. Tbia eolutlon, when miied with a aotnkioa el 
vmnonian chloride, giTea a preeipitala of the bydrogel ot alnmiiw : AI(OH), + INeSO 
+ SNH,Cl-Al|OB)] + 9NaCl4-9NBiOH. There waa originally frae aoda, and « tlM 
addition of tal-ammoniac there ia free *nimDalB.aod thia doe* not dieaolra aloaio^ 
therefore the bydrogel at the latter it precipitated. 

** Anolherdirectmetbodlorthaprepaiitiiniof poretlflnlniamoaDipaiindacoBalila bi 
tlia treatmont ot erjialite oontaining aluminium fluoride logether with iDdium flnorid*, 
..„ _ _. - _. ._^ leCrala. It 



Ii cmihed and heated in reierberatmy tnmacea with Ii 



(lellnl wilb water : lodiam alun 






Ki)>italeAlNa^,»SCaO'^BCaP,'^AIN*,0^ 



kinad in aolDlIoo, and caleiam Huorida 
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tbia tuny be taken advantage of tor the preparation o( waterproof 

T/it lii/droiol of alumina — i.e. the soluble nlumininni hydroxide — is 
more difficult to obtain." In order to obtain this soluble variety of 
klnminft, Graham took a solation of its bydrogel in hydrochloric acid— 
that IB, a solution of aluminiam chloride, which is able to dissolve k 
•till further quautitj of the bydrogel of alumina, forming a basio salt 
liBving probably one of the compositions A](H0)Cl3 or A1(H()),C1. 
When Ruch a solution, considerBbly dilnted with water, is subjeot«d to 
diuljGis — that is, t-o diffusion through a membrane "—the hydrocblorio 
acid ditTuies through the membrane and leaves the alumina in the 
foriD of hydrocol. The resultant solution, even when only containing 
two or three per cent, of alumina, passes into the hydrogel state with 
nch facilitj that it is sufficient to transfer it from one vessel to 
another which has not been previously washed with water, for the 
entire mass to solidify into a jelly. But a solution containing not 
more than one-halt per cent, of alumina may even be boiled without 
ooa^lattng ; however, after the lapse of several days this solution will 
of ita own accord yield the hydrogel of alumina." ^' 
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Ihsb ih* ututjon, vLiicb ftpp^nnUy remaJDa aiiLllered, U 

propAr to wlutioqa of ■!! the uTta of vlumLnft. kod hu iDitead Uia ' 

Tindgu-. Th« Kliitian Iheo do longer eonUini Uw Hit. bal uetio leid uiil thv bftlniKd 

nl alnniliuin u Dnoombioe^ eUite; thsjDUTbe Inlitad bum (Mhbtber by sTkporcl. 

ing th« ftcetjD vid in shallow veiiala aI tb« ordinftTT lampentiiTfl, uid with a thin Ujer 

b( liquid ttu KlumiDK dom not ispKrateiH a pTscIpilatii. Whco (he uid npotin c«ua to 

M> aolion od litmiu f^ptr. Wlwn tonoentnted, tbi* Klotlon uqnirea n more ind mor* 

glnaj ooniiiteoe]', ud when oamplBlely sviponted over ■wftlor-bi.th It learei > noa- 

~ ^De-liksbTdnt»,whaHCaoii><»itiDniiAt,H,O,''AL,0„aB,0. Tbamullert 

If allulii, ud ol muf kUi mid uJti, irill camaii the b;droKl Into the 

kfdtegal of alumioft— thi,t ii, oonveri the alDiuioiom hrdroiida froin ■ Kloble Into an 

laaalnbla lonn, ot, aaitla uid, saaH the hjdrUe to coagotala or g«Utinii». Theinullaat 

VDonnl n4 aulpbario acid and il« »lta will causa tha almnina to geUtiniBo — that ii, 

^^ auM the hydragal to lepaAte. Uany auch CDlloidaJ nlDtioDi an known (Vol L p. M, 

^M Kale IT). 

^H " In a dialTHT, Vol. I. p. 6», Note IB. 

^^^1 ^ ^** The di8ar«nt Bt*t«fl in which Iha hjdiatei of almntna occor and are pnparaA 

^^1 MBHobla umilai Taiieti« 01 tho hjdiatei of tha oiidea of inm and chtmnlDiii, of molTbdlo 

^^^1 vni tongatio aeida, aa weil aa ol phoapUorio and ailioic aelda, of majij anlphtdea, proteid 

^^^1 aabalaocea. &o. Wo ahall tharefore hare occaiion to recor to thfa mbject in the furtbac 

^H 
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With respect to alumina na a base, it is very important to obserr« 
that it is not only capable of combining with other base* " bat tl 
it does not give salts with feeble volatile acida (like carbonic ami 
hypochtorous) ; it forms salts which are easily decomposed by water, 
wpeoially when heated," as well as double and basic salts,*' to that it 
Jorira a clear erample of a feeble ftfwe."* To these charaoteriatios o( 
alumina we must add that it not only gives compounds of the type 
AIX], but also the polymeric type AljXf,, even when X is a simple 
univalent haloid liko chlorine. Deville and Troost showed (1657] 
that the vapour density of aluminium chloride (at about 400°) is 9'3T 
with respect to air— that ia, nearly 133 with respect to hydrogen, and 
therefore the formula of its molecule is expressed by AljCI^, and 
not AlCl,,"* although in the case of boron, anenic, and antimony. 



Im npUeod by 
"* CompouD' 



(aid wit, a bTdtOMl «l tloa 



uaitbbuta (ulamiutea, icj HoW \n) u« ■ 
with in natora. Snoti ua apiiiel (ho p. AS), MgO,Al,0] - MjAt^v duiMUtA 
BeAliOt, uid sthm. Uignslic aiid« of iion, FeO.FdjOi • Fe,0,, ud componiidi lit* 
il, belnng Itt the tuM clim. Ban vasiidentl; hBva uGsaeolcombinmlian'bTUuJogj,' 

panndi. tni Biicb initanoes team ■ dear truailioo from ao-caltad tolattoiu and oartain 

" Not gnly aliiminiam uetata (Kota 34], bat alio eveiy olhac alaislninm 'lalt with • 
TOlalile acid, palta with iti acid' an healing an aqnaoui Hlatioo — ttiil 
bf Matar. and tonni aitber baalD aalta er a hjidnla ot alaiiuDi 
alnminiam hjrdroiida in oitiio acid wa maj aaailj oblala a waU-CTTital 
nitnUe, AI|NO]|],SH,0, vhich (n»i at ItP withost deoompoaing (Ordnj), gim a 
bails lalU aAt,0i,eaNOi, at 100°, and at 1(0° leaTai the alanuuiiini hydnnida pnlMllT 
tna tram tiie elenianU o[ Ditrie acid. Bat Iha aolationi o( thii aalc, Uka tboaa dl Uw 
■catata, lua tixo abla to yiald alnmininm bTdiolida. From all tbi> it ia avidaot that 
*a mait ipppoae thai Iha aolntioni ot thia and limilar lalta contain ao aqailibcalad 
diiaocialad tjr item, con tatning the Hit, the acid, and tbebaw, andtheii somponnda iTith 



unple dI naliTi 
ID U» Caoeal 






tn the Snt chapter Uub a 
or ilum-ttone (ap. gi M), 



itali. bnl more troqaeoUT in 

i> (at Zaglik, lortj TanU diitanca from Eliubetpol), ud 
■t Tolfa, caar Rome. lUcompoiition i> E:]0,SA!^i,430^eB,0(almiitei4ntaini«HiO). 
It ii aolnbla in water bnl not deoompoKd bj it, hot atter being alightl; igailad II gJTM 
Qp alum to it It may ba artideially prcpand by haatiug a miitara ot alum with ajuni- 
niam aalpbale In a doaad tuba at 180° 

^ Aa the colloidal propartiai are partionlarlj abajplj daveloped in (boM oridws 
{iifi,. SiOi. UoO], anO^ fto.) which ahow (like water alao) the propeitiea ot faeU* bwM 
•Drd teabla acidii (her* ia probably aoma gaotal raaaon lor thii eoinddansa, all tb* n«n 
M tinea among argaolB aBbaUneei— gatatin*. albunina, dm.— the npraiaalaliraB st Uw 
eoUoida alaa have Iba ptoparty ol laably combining with baaci and aoida. 

•a Since DanUa'a aipariuaal* the qnaitios ol the deniily of alnmininin ehlorida ha* 
htm Iraqiuiilly re-inTa*tiga(*d. Tha lobjact baa more eipacially oocapiad the altanlioB 
of Rilaou, Patlaraaon, Friedal and Orafia, and V. Meyer and hia collabotalora. In ganaraL 
U baa bean lomid lb*4 at lav lampantnna (up to UOf] the daoiily it cooataut, and 
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wUA pT« ondw B^, gt Ike Hue compmitkin u Al,On tho 
thio r iae compoundi fans non^Tmene moleealM, B(3|, AjCI^ 

laAK3,B -- - - 




r IrtidtB Tilencj. In Uui cub tba 
UAIC^ or UCHJi,«oali rfw lltti At m Uinlal. uid lliri mnwqnMtlr lb* 
Maipc«iidiof*IiuiiiuanianUOHh.A10iAl.*DliBKHwnl,AlX> Buitlhsnil* 
■ola bi AliOk it is— !« Um Ula««a tt lb* dednaa ol Uw iaiuiiUa Tiltocj ot th* 
rt— III hcMpHflik iriih M* idn cf llw toinlm^ at ttaaiiuam, ud Uier unua* 
It M b« laidfinJMl lib cufca, lOuBi^ AM^toOlMH C\H, • CaiCB> klilmxh 
whr A] dan bM lara &1CU. or. m gcncni, AIX, In Lhu soik 
talndsced : uwidiiig In >bik illlwugb •iDnminsi, u u cloniml 
H HuapaoDdi ol llw Itp* AJXj, Uui dm sol ndode Uw potubility of 
A ambiaiog witb dtbov, utd wnKqaenUr with aaek cllwr — UhI !■> 
W A1|X< ; jari u th> moWiili* of aniTtleol elemenU edit eitbcf w H^ Cl^ Ac^ 
soIkbIh o( biir>leiiteIcmeiiUEia«uZD.OTU abOTFm ^ Ib 
Iponrst 

« wiih xy b«l 

with lekale moUmUi, which l«t ii 

D orTrt&UJDd eompoandi with wAt«;, 

■i Ihia fundtj kir farihar AxpbiDMiiA* ii le^ 

is cutioa MhKUorlde, CCI,I. whiLil ia oUicn il is Don b. 

( with iuo|r Mar raoloenlw. Mow if ■ luDitiDg lonn, which iort not 

It *h<>le molocolsp il will 

■• isilauM ooBibLns iriLh iIhI/, will poljmerihs. In (hit muoa III* 

■ibd elnrly (TupB the id« th^ lbs urns forca which cauH Sg to Daita il«H lo Hi, 

d C^Bt to Clh &C, mIk mud malwiuloi of » ainulu kind togothor ; thna polj/tHemaho* 

1 (rngmaiituy phcnomBoon, uii) cbcmiuJ MiiitKiutiDna 'by 

'' aaqain a particbl&r Knd importuil iDtcreat. In confomiLtT with th»H Hews 

■ ■ ■ ■ , Thej 

le Ijpa AHj ia Ibo limit, like B~ " " "' " 

to lOnn AIX^Z, ud tha klnmini 

'a BClj, tbii tdbdoDcj to form farthv oompDond* (■ 

iride ipptsn u BOj. ud ool (BCli)r PolTiDsriM- 

■ ift Dot ool; pOMibln wlum ft flabflt&Dca h^fl not kttaibod ths linit (kltbongh it imaor* 

~l*Ul«B),bol»]KiwhcDthoUinitiiiKtiinnhub«n rHched.il anljth* Ull« haa 

ILa laeallj ot enDblDiDg with other whole thoIfcdIss. W« nu; tbcMrm conclnds tb«( 

I. like boron, !• trivajenl in lbs umc HQie Uul Ulhiuoi and HidiDn) ua 

jo of fotming eompouad* AtXt, and ta Lh&b way to 
e AJiCV FarthonnDte, then ai 

F,. AljOj. and othor ompi 

compousds, hut that thB^ aro nmah higher: Al.Fj:^ AlyiO,.. In 

slag prooTf oT tho truth ot the abora italamenta baifi been obtainod, 

w ot AIX, in a aUta at rapour ; tor Comb baa d«Icr- 

la vapoar dtoaity of tba lolatils a»t;l dI altuaiDinm aeelala A]|C^,OJ, 

PfaUch IB«IU at laf, boile al 31S°, aad distil* without a Iraca of docompontion), and baa 

famid that it aiactlr oomapondi to tho abocs malaonlai compoiition. On tbg otbu hand, 

IosIh and Bon (1«88| br amplojing the malbod oF 'Inaaing poiat dgpT«aaIan' of 

ic L, Nolo t»i found ibil lbs molecnlai AUC,Bi]i aud AI,(C^„)„ 

id to tho typo Al.jX,- Than il maj now ba aesepMd that tba molaoDlw 

«0tppontioD of tho oompoBiids of alnminl' 

thej mar poljioeriie aod give Al^ or, in geDcral. AI,Xj.. 





OF CHEHnSTBY 

This dapIioatioD (polymerisation) of the form AlXj is con- 
nected with the facility with which the salta of Aluraiiiiuro combinB 
with other salts to form double salts and with klumlnium hydroxide 
itaelf t« form basic Ealts. 

Aluminium gulpliale, A1,(S0,)„ which is obtained by treating clay 
or the hydnttea of alumina with sulphuric aoid, ctyitalliaeH in the cold 
witb STHgO, or at the ordinary temperature in pearly crystals, which 
are greasy to the touch and contain 16H]0.*' Its solutions act like sul- 
phuric acid — for instance, they evolve hydrogen with zinc, forming 
baaia salts, which are sometimes met with in nature (aluminUe, 
A1,0„80„9H,0, alumiaTtf, A1,0„3S0„ and others), and may be ob- 
tained by the deoompotition of normal salts and by the direct solution of 
the hydroxide in normal salts ' these exhibit a varying compodcion, 
(AI,03).(SD,).(H,0)„ where m/n is less than 3. Aluminium sulphate 
is now prepared (from the pure hydrate obtained from bauxite, Note 
SI) in large quantities for dyeing parposee (in8t«ad of alums) as a 
mordant. With solutions of the alkali sntphatea (potassium, sodium, 
ammonium, rubidium, and cesium sulphates), the normal salt easily 
forms double salts, teniieU alums — for example, the ordinary crystalline 
alum contains KAl{S0j)j,12H,0, or K,80„A],(SO,)i.24HiO. la the 
ammonium alums (which leave a residue of alumina when ignited) 
the potassium is replaced by ammonium (NH^). Alums are used 
in large quantities, because there is scarcely any other salt which 
crystalliaea BO easily. In this respect the slams formed by potessium 
and animonium are equally convenient to purify, because they pre- 
sent a considerable difference in their solubility at the ordinary 
and higher temperatures. If the crystallisation be conducted rapidly, 
the salt separates tn minut« crystals, but if it be slowly deposited, 
especially in large mosses.as in factories, then crystals several centimetres 
long are sometimes obtained. At a higher t«mperature alums are very 
much more soluble, and crystallise with greater difficulty, and are there- 
fore less easily freed from impurities ; at 0° 100 parts of water dissolve 
3 parts, at 30° 22 part^. at 70" 90 parts, and at 100° 357 parts of 
potoamum alum." The solubility of ammonium alum is slightly leas. 

*■ Is Uu nw ol galliDiD, >■ a clou uulogui of dnmiciiim, Lecoq de BoUbaodcxn 
(IBBO) showed Ibit pnibi,b]r the molHnle gillmm chlond* coDUint Oo^ >l la* torn- 
pwfttaca uid high ivmuret, uid liaX it diuocittei into Q*C^s al high tempentnre* snd 
low pnuuTB*. The moleculsof indiBia ohlonde weme to eost onl; in the gimpleil I'ono, 

" The pure Hit (16HgO) ii not hfgnxupie. In the pnunce ol iinpuiitiiia the 
UDOoni nl wiitei incretiaa to I8H,0, ud tbs »«H bMomui hjgnncojHc. 

" The common form ol ciyat*t>of ilama ia oot-hednl, bnt i[ thii Hlatian oonUlos • 
Mrtaiu uull •!»» of 41UIBUU1 thota the ntio aAl(OUi) lo K,30u ud nol mat* enlphiuk 
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The fpecific gravity of potassium alum is 174, of aumoniutu alum 
1'63, &ad of sodium atum 160. Alums easily part with their water ot 
crjutallisatiou ; thus potash alum partially effloresces when exposed to 
the air, and loses 9 mol. H,0 under the receiver of an air-pump. At 
100°, dry air passed over alums takes up nearly all their water. As 
we have already mentioned (Chapter XV. ), the law of isomorphous sub- 
•titutions exiiibitB itself more clearly in the alums than in any other 
•alt^ and all slums not only contain the same amount of w&t«r of 
crystallisation, MB(aO,),12H,b (where M = K, NH„ Na ; R = Al, 
Fe, Cr), and appear in crystals whose planes are inclined at equal 
angles, but they also give every passible kind of isomorphous mixture. 
The aluminium in .them is easily replaced by iron, chromium, indium 
And sometimes by other metals, whilst the potassium may be sub- 
■tituted by sodium, rubidium, ammonium, and thallium, and the 
■ulphurio acid may be replaced by selenic and chromic acids. 

jl/uniintunt chloride, AltCl^, is obtained, like other similar chloridee, 
{forInat»nceMgCl,)eitherdircotlyfrom chlorine and the metal, orby heat- 
ing to redness an intimate mi-xtureof theamorphous anhydrous oxide and 
oharcokl in a stream of dry chlorine.'^ '''■ The resultant sublimate is very 
volatile,*' and forms a crystalline, easily fusible moss, which deliqueioee 
in die air and easily dissolves in water, with the evolution of a Urge 

add thu tH,SOi to aAllOH),, then il aaHj romiB uimbtullDDi of the snbe uid ooto- 
hadreo, ud then itlumi ue citlM ' oabio ' nloma. TlLe:r "* viitaed b; tha dj ar bec»D« 

il Ih* Utt«i be m KIOM liiete cui be do oiide of iros preienl. Thvts alonii wen tool 
•iported [lam Itilj, There the/ weio prepued fiom ^unlts {Note IS). 

" ><• It IB atto tormBd by tiut action dI bydtaahloriii uid upon melollie alnniliuiim 
(TiiUou vjd PettenaoTi), b; hebting ^omma in a mixtuie of tiie TApoun of Daphthallnd 
ud aCI (Plan, 1B8H), ud bj the tction d( dry HCl Dpon na aUciy of 11 p.c.,' u man 
fif A] ukd copper (Uobory). 

*• AlDminiora ohloiido fuui kt 17S°, boila at 1BS° {preuore THE nun., at l«a° nndiir a 
fceaatm of 3(0 mm., and at I>1B° undor 3,373 mm.), aooordiog to Ftiedel ud Crofta, ao 
thai A boila imiiwdiatel) aftai lutioo. According to Ssabeii >ad Patlard <1B»), A1,CI, 
fiu»atira°. Aluniulnm bromide fiuet at abool 89°. and tllelodideal 1SS° aoocffding to 
Weba, al Hi' according to DoTille and Tiooit. 

All theae halogBO eompouiLdi s[ ajominiiun are aoluble in water. Aluminium 
fiuandi, AJF, (Al.P^), -i> Ituolubla in water. It ii obtained b; diaaolTiag alumina in 
hjiIisSuDiic acid \ a aotutioa is then (otmsd, bat it eontaini an eiceia of hjrdroaDarlo 
Mid. When thi* wlDlioD i> evap<in>tea,Grfgta1> oantuaing AI,r„HF,H/) areobUined. 
They are aUo inaolpbla En walcir. By aaCarating the aboTO aolntion with a Urge quantity 
«l alnmink, and IbeD evaponting. wa obtain ocfatalg having thecompoiltionA1iPi,Tn,0. 
All llieie componnda, when ignited, leave Inaoloble anhydroui altuniniain flooride. 11 
iMnu coloDrtm ihombohedta. which ire noo- volatile, of ap. gr. SI, and are decompoaod 
I9 iMuB ioto alnmma and hydtoflaoiio acid. The acid eolntion apparently contkini a 
emsponnd which baa ita eorreiponding aaltB ; by lbs addilion ot a aotntion o( potaaainin 
flaodde, • getaCiuooB precipilaU ol AlKiF, is obUincd. A aimilu compoand ocean In 
■alaw nanely, AlNaaF), 9[ cryoIiU, ap. gr. S-0. 
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ftmonnt of heat,^ '■'■ On evaporating thia solution, hjdroobloric aoij ' 
and Bluminiuin hydroxide are liberated. But tl the solution ho 
heated in & closed tube, with an exceta of hydrochloric acid, then, on 
cooling, crystals of AlClj.nH^O are obtained^ — that is, atumEnium 
chloride both combines with water and is decomposed by ic And the 
faculty of the type AIXj for combining with other molecules is seen in 
the compounds of AICI3 with many other chlorine compounds, Thus, 
for example, a mixture of aluminium chloride with sulphur tetrachloridv 
gives AljClj.SCI,, under the action of chlorine, whilst with pbosphoras 
pentacbloride it forma A1C1„PC1, ; it also combines with NOCl. Thus; 
the compounds AlClj.NOCl, AlOli.POCIj, AlCli.SNHj. A1C1,.KCI, 
AlCl),NaCl are known. '-^ The compound of aluminium and sodium 
chlorides, AINaCl,, is very fusible and much more stable in the air 
than aluminium chloride itself. It seems to be of the same type aa 
the alums. This compound, AlNaCl,, ia employed in the extraction 
of metallic aluminium, as we shall presently proceed to describe. 

» ">■ In (hii r»p«t tdurdinium chloride HMmbldB the chlar-uibydrid« of tha tdd*, 
•nd pmbabl; In (be iqueoaa Hlution the elDmentI gf tbo hydmchtatic uid in ibwdj 
»pu«tal, a.1 lesat pirtutly, (rom the ftlaminiiim hydcoiido. The aolutioD nuf i]m> b* 
obtained by the nctioo of aliiBiiDiiilii hydroiids on hydtwhloria toid, 

u Hen mtieatu iniluice In con9ni»tian el what bn been uid in KoU SO— ij. Ilw 
utioD ol Ihe molMDle AlClj. We will cite atill uiothec JDiUnoe conflnnlBg tlw paxf 
ol elamiD* to enter iolo aamplei MmbinitioDs. Alutniu, moiilensd vitb • iDlDti«l ol 
wloiom chloride, giTee, «h«a ignilfd. ui uhydieui crjatsUiDe lobtUnea (tatrtbednl), 
wbieb ii aalnble ia mU*, Mid conkiini lAljOjMCaOJiaCBCIr Eian cl&y loma • liDllu 
etonj eubfltHiee, whiofa might be of prulticiU hbo. 

Among the moit oomplei componnda o[ aluminiuin. ultramariiu, at taptl liuitl^ 
mnat bg mentioned. It oucon in nainie neu Lkko Biilul, in ciyiUli, ume boIodiIm* 

uii]Diie> « rery brUliuit bine colour. In thii tona it ii nwd for arnunenla (like raela- 
ohite), Bad u m brilUsnl bias pigment. Al Ihe pieienl tine Dltmnarine ii piepu*d 
ertiSaiall) in luge qusotiliei, and this pn»eu ia one of the moat imporlaDl oaoqaealt 
of aci«Doe; for the bine tint of altramuine haa been the objwt ol nt^nj KitBlEJll* 
roMUobea, wUoh hiTo catminited io tbe mennfactore ol Ihia native iDbataiw*. T^ 
moal ob>raol«>itlo property of altrKmarine ia that ■hm pUced in enlpfanria lold it 
STolTea bydmgBB aniphids and become* ooloqrleu, Thii abora that the blue oolosr of 
oltraiDaTine <* doe ta Ihe pmenoa of anlphidea II clay be healed in a tnmaea with 
eodjom aglphale and obanmal ((arming aodiom aniphide) nithoal accoN ol air, a wUlt 
iTMa ia obtained, which beconiei green when healed in the air. and when treated with 
water leaTsi aooloaclow aobetanoe known ae 'white ulCrsmarioe,' When ignited in the 
air itabiorba orygen and toma blue The colnralion ia aacribed to Ihe preeenee id 
metillie ndpbidea or polyaalpbidci, bal it ii moal probable thai aQioon aniphide, or iU 
oiyinlpbide. 9i08, ia pcewol, Al all evenU the anlpbidei pUy an importaol part, bal 
Ihe problem i* not yet quite aetUed. The faniala Na,AI,8i,0Ka ia aairibad lo wUU 
ulirmniariiie. The green probably oonlotna mors aolphar, and the blue a (till laifer 
qnantily. The laat i* aoppoeod Io contun NiiaAleBI,OHSi, It ia man praSabIa 
(uoordiug to Oacketbetgar, issa) that the compoaition ol the bine ratiea betwaca 
Bi„A],.Nax3gO„ ud SiitAluNasSeOsr The latter may b« aTprteaad w 
|Al,Oi),(8<O,)i,(Na,0)iaS«0», which wonid iadieaU the prwnee of inanffldenUr- 
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Alumiaiam bromide, vhicb is obtained by the direct combinatioa of 
metallic oluininium with bromine, closely resembles tbe chloride ; it> 
QieltB at 90°, volatitues at 270', and ita vapour denaity iadicates the 
formula AJ,Br^, Aluminiuin iodide isobtained by heating iodine with 
liuely divided aluiuinium in a closed tube ; it ia so easily decomposed 
by oxygen that its vnpour even explodes when mixcil with it.*'' 

ifrlallie Ataminium was first prepared by Wohler in 1822 u 
k grey powder by tbe action of potaasiura on aluminium chloride. 
He afterwards (in 1845) obtained it as a white compact met&l, 
DDOsidisable in the air, and only slowly attacked by acids. Owing 
to the vast and wide occurrence of elay, many elTorta have been made 
in investigating in detail the methods for the extraction of this metal. 
These eflbrts were brought to a successful issue (lS54)by Saint«-CUire 
DeviUe, vho is also renowned for his doctrine of dissociation. Experi- 
ments OD » large scale have proved that metallic aluminium, although 
posseased of great lightness, strength, and durability, is not so generally 
suitable for technical purposes as was at first thought. Nitric and many 
Other acids, indeed, do notiicton it, but the alkalis, alkaline substanoea, 
wodevennltl — for instance, moist table salt— humidity.ikc.,"'''" tarnish 
it. And hence objects made of aluminium suSer at the surfaces, alter,, 
and cannot, as was hoped, replace the precious metals, from which ii. 
differs in its extreme lightness. But the alloys made with aluminium 
(especially with copper, for example aluminium bronze) are very 
valuable in their properties and applications. 

The Deville method for the preparation of metallic aluminium is 

>* At the ordinuT InnpentDre ^loinmium dWB not decompose wvtBt, bub if a uuaH 
^Dviiitf of iodina, or of h^driodkc viid and iodine, at ttt ftlumLnJDm iodide and iodine, i* 
»dded (o the nler. Iben hydrogen is ■bondvitlf evDlred. It ia eridcnl (hat bare Ih* 
fCAetioD pruceeds ht the ejpense of (he fonnetion of AJgla, luicl- Uut thi« flubiluice, vitlr 
vkUff, giTfli almniniam hjdroxide uid hydriodio ftcid, which, with UoiniDiqin, eToive* 
bjdncen. Almpinintn probiblj baloDgs to Ihoia hidUIb h^riag a grutcir tlEailj lor 
Ointen than Idt the halogeni (Note 90 tri). 

"^■^ A^en euUDple *« may meatiDJi Chat if mercury codlob iji cootub with mataUio 
ilnmiuani end e^eoieUy if it be rubbed upon tha Burface of eiumiDium moiBtenod with 
a dilate uid, the A] besomeB rapidly oiidiied (AlgOi being fanned). The oiidation i* 
•BMmpuied by'a vei; cnrione mppsuBOce, ii it were ol wool (or tor) lonned by threads 
«( Olide ol alnnuaiam growing upon the motaL TIub wu flnt pointed onl fay Cu* in 
UnO, aoa inibaeqDantly by A. SoIidIsII in 1899. Thii intoieating and oarioae phano-* 
nMDoo bai not to my knowledge been farther qtodied. 

I tUnk it aMeMBij, hamter. to add that according to Lnbbert and Baechei'i 
rMMnfae* (IWl), wine, oofloe, milk, oil, niina. earth, &•:,, hais no more aoUon upon aln- 
ninhnn veaeli than upon copper, tin. and i>ther nimilar arti<defl. la the ooune of four 
monlhi ordinary Tinegir diiaolTed O'Ugno.ol A! {nr aq. contimelrc, wbileta B porecnl. 
•olalion ol common loll di«ol*«d about OOG grm, of alnmininm. Ditto (IBM) 

lLelortDatiOQo(aU]forofga«,»» in Ch.pl«rXVJ..NoloIO 
■11 da mnch more rajddly in vacDo or in tbe ; 
esUiMd by walcx on the nirtico, bnl U 



based on the deootn position of the above- mentioned compound of 
sodium and alaminium chlorides bj metallic sodium. The compound 
is obtained by passing the vapuur of alumininin chloride (evolved from 
a mixture of alumina, extracted from bauxite or cryolite, with 
oharcosl ignited in a stream of chlorine) over red-hot salt, when the 
compound AlNaCl^ is itself volatilised, and may in this mflnner be 
obtained pure. A mixture of this compound with salt and fluor spar, 
or with cryolite, is heated with a certain excess of sodium, cut into 
small lumps. On a lai;ge scale this operation is carried oa in special 
furnaces with a small access of air and at a high temperature. The de- 
composition takes place chiefly according to the equattooNaAlOl^ + SNa 
s= 4NaCl-t-Al. Neither charcoal nor zinc vilt reduce the o^^gen 
oompoands of aluminium ; even sodium uid potassium do not act on 
alumina. Moreover, metallic aluminium, like magnesium, is able to 
redaoe even the metals of the alkalis from their oxygen componndl. 
This is connected with the fact that the atom of oxygen evolves 
more beat in combining with Al (and Mg) than it does in combining with 
other metals : whilst on the other hand, chlorine (and the other halo- 
gens) evolve more beat in combining with the metals of the alkalis.*''^ 
Since the close of the eighties the metallurgy of aluminium lias 
taken a new direction, based upon the action of an electric current 
upon cryolite at a high temperature," and the solution of oxide of 
klnmininm (obtained from bauxite or in the form of corondum) in 
it ; under these conditions metallic aluminium is reduced «t tbe 
begative pole (cathode) tn a sufficiently pure state, and if the cathode 
be copper, forms alloys with it. Such are Hall's and Cowle'a (both in 
the United States) and the Neuhausen process (where the correct i* 
obtuoed from a dynamo worked by the Falls of the Rhine at Schaff- 

fufUur utiDD. Id Ui« counc of Gw«lra hoiin bitric uid «p. gt- 1*380 dioKlTtd %x IT* 
•bont aogtnu. of diintmiam (cuDtiinuig anljr ■ oobU uaoantol Bi, 1—1 [-.i.) tram a cq. 
metre ol iiiriKs (Lb Rmiui, ISfll). 

» "I In iddilion to the d&U giyen in Chiplen XL. Xin., •nd in Clv*pl«r IV., Na(« IB, 
iha fDllowing mm the amoDiiti ol he*t in Ihoatiindi o[ amM,aTDl**d In Iha lonmUaD at 
the oxidea ftod cbloH&B fnnn thv mettti takim in gTUD-Atonio qamttlEiM : 
N*.j01DO; MgOltO*; 4Al,0,lla*; )Fe,0]«*: 
Ki,tn, 18E : HgCl, lU ; ) UfiU lOT : ) Fe,CI« lU. 
The Mtniiki tgllowing the oiidei of Ug, Al ud Pe uU sUcaticai to Ih* taet that lb* 
I «iiitlBg ditta rater to the lornulion uT tbe bTdnlM of tbi-K msUla. tram whiah i)w bait 
of forauliDO ot the uibfdrgni oiidei nuj cuilj be Manmed, bocuw tbe hwt ol 
hjpdntiaii (lar eiuople, HgO * HjO) hu not ;at bneu dslotmined. 

" CrjoUte muter ths tction of Ibc coirenl al abont 1,000° gint oR the TapoBT ot Na 
which tsdudei the Al, bat it ncomhinea with the iniaraUd flnarine and agun puaaaiob) 
Uw (uud nau. Itia importuit to obtain aloininiDin al u Iowa teinpi>ntnre aapaasibls, 
but lbs action [mxsedi tai mof* sadly wilh Iha aolalloD (tlXaj) ot Diids of alaraiaioa in 
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hftOMn). Ab an example, wo will describe (in the woiiJs of Prof. D. P. 
KonovatloQ', who became acquainted with this procesn at the Chicago 
Exhibition), Hall's process us applied near Pittsburg, where it give* 
about 1,500 bilos of Al a day. An iron box (about 1 metre long and 
J metre wide), provided with a well rammed down charconl lining, is 
charged with n mixture of cryolite and Al,Oj (from bauxite), over 
which salt IB strewn, and a current of 5,000 ampires at 20 volts ta 
passed through the mixture. The anode ia composed of a carbon cylinder 
(about 9 cm. in diameter), while the charcoal lining forma the cathode. 
\Vhen the temperature inside the box is raised to a red heat by the 
current, the mixture fuses and the AlgO, begins to decompose. The 
Al liberated collects at the bottom of the box, whilst the oxygen 
«volved bums the charcoal anode. When the decomposition is at 
an end, and the resistance of the mass increases, a fresh quantity of 
A1|0, is added, and this is continued until the amount of impurities 
B«cuiDiilated in the furnace and passing into the metal becomes too 
great." "• 

Aluminium has a white colour resembling that of tin — that is, it is 
greyer than silver and has the feebly dull laatre of tin, but compared to 
tin and pure silver, aluminiuni is very hard. Its density ia 267— that 
is, it i< nearly four times lighter than silver and three times lighter 
than copper. It melts at an incipient red heat (600°), and in so doing 
is but slightly oxidised At the ordinary temperature it docs not alter 
ia the air, and in a compact mass it bams with great difficulty at a 
white heat, but ia thin sheets, into which it may be rolled, or as a very 
fine wire, it burns with a brilliant white light, since it forma an in- 
fusible and DOD-vo!atiIe oxide. Aluminium itself ia non-volatile at a 
furnace heat These properties render Al a very good reducing agent, 
and N. N. Beketoff showed that it reduces the oxides of the alkali 
metals (Chapter XHI,. Note "w»), Dilute sulphuric acid has scarcely 
any action on it, but the strong acid dissolves it, especially with the aid 
of beat Nitric acid, dilute or strong, has no action whatever on it On 
the other hand, hydrochloric acid dissolves aluminiam with great ease, 

" •■■ Th* cost ol worltiog this proceM can bo bronght u 1o%r M SO conto per lb, or 
■boul at la, per IcGo. In Engluid. Ciutncr, prior to the inlmdoction ol Uls aleolrlo 
matbod, obliuDid A] by Uking a miiton d( l,aOO put! of tba double nit NiOIClv SCO 
put* ol crjrolile. inS'SSO put! o( Nk and ebCuiied >bant 130 p«U at Al,»o that the oort 
erf thijpKM^Bfl !b abodt 1^ titnathbl of tha electric method. 

Boeluier louoif thst Hnlpfaide of aluminiam, AJ^S;. ia mare anitable ror Iba pnparalioa 
ol Al b; tho olectiolTlic method Ih&D Al^,. bol <ince the Idniullon ol A1,S, b; beating 
• miitON ol AXfii and cbuowl ia tolpfanr Tapooi proceed! irilh dilBciiU}. Gny (1S9<} 
prapoHd lo prepare Al^i b; heatiaK a miilnie o< cbUFOnl, Eulphate of alnmioiaai, Mid 
■odiom OODridc. The renultanl mollon miilare ol N»F and Al^ iiTU 
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aa do alE6 solutions of caustic soda and potash. In the Utter oaset 
bjrdrogeii is evolved," 

AlumioiucQ forms alloys with different metals witb great ease, 
AiQODg tiiem the copper alloy is of practical use. It is called 
n/unitniiini broiae. This alloy is prepared by dissolving 11 p.c. 
by weight of metallic aluminium in moItCQ copper at a whita 
beat. The formation of the alloy b accorupaoied by the development 
of a coDttderable quantity of heat, so that it glows to a bright white 
heat. This alloy, which corresponds with the formula AlCu,, presents 
ftn e:cceedingly homogeneous mass, especially if perfectly para 
copper be taken. It is distinguished for its capacity to fill up the 
most minute impressions of the mould into which it may be cast, 
and by its extraordinary elasticity and toughuc&s, so that object* cast 
from it may be hammered, drawn, Jic, and at the same time it is fine- 
grained and exceedingly haid, takes on excellent polish, and, wliat is 
most important, its surface then rcmainB almost unchangeable in the 
air, nnd has a colour and lustre which may be compared to that of gold 
altoys. Hence aluminium bronse is mucb ujed in the arts for making 
spoons, watches, vessels, forks, knives, and for oruamcnts, Jk). No 
less important is the fact that the admixture of one-thousandth part 
of aluminium with steel renders its castings homogeneous (free from 
cavities) to an extent that could not be arrived at by other means, nor 
does the quality of the Bt«el in any respect deteriorate by this admix- 
ture, but rather is it improved. In a pure state, aluminium is only 
employed iat such objects as require the hanlness of metals with 
comparative lightness, such as telescopes and various physical appa- 
ratus and amali articles. 

According to the periodic system of the elements, the analogues of 
Inc, cadmium, and mercury in the second group. So 
also in the third group, to which aluminium belongs, we find its oorrB' 
spending analogues gallium, indium, and IhaUium. They are all tbree 

^ Aluinijiliun, whta bcnlid to tlie high imnpcmiun) ol tbs dectrlc (arnus, diMOlna 
d [oraii M ailaj vbidi, uooidiiii to HoUiui, obui npidt; tiMtcd milh eoU 
tin uLd l(«T» k compound C,A], In the lorm at ■ ieIIow ErTit«lliD« tniu- 
wdir, mp. gr. 9 SO (tea Chitptor Vni. NoW 13 bii). Tbi>car6^>o/aIiimJiitHm 
nipioidi to inirUitn* CH„ lor Al lepUcei H, ^ndHibon O, or H,, that i*, it is 
tbrao molKulei of CH| wilh the uibttitD(>DD ol twelvg utoau ol H bi 
it bj lour ol Al, or, wli^ I, Uie vmo Ibiag, il i* Uw daplicaled molecula ot A^O, wilh 
tht inbMilnliiHi ol 0| by Cy And iodHd CjAl^ ondtr (ba ulion ol wtXa ioiiiu murii 
gu and lijdiaM at alumina: CjAl^ -t iaH,0 ^ SCH* + lAl(OQ)t Hua deconipasUoa 
girct ■ B«ir aip«t ol the iTntheaU ot hydm-caibou, and quila tgncn with wbat ahnld 
lolloit from tba action ol vaUrnpoo Ihamatallio eiubid(nuap(dled b]r ma [« «i[pUiDiBf 
Ibe angin ol naphlLa (Chaptor VUI., Notea SI, W, and 09), Fiank {WH} by baaUng U 
with carbon sbbuiicd a luoilat although not qaiu pun RHnpound, vhkb (Uks CaC|) 
•rolvM ao*l]tl*» with hydiochloiic acid t^. probablj ha* Uu oampoaitioD AI<V 




a rarely acd apannglj met with in nature that they could only be 
discovered by meaDs of the spectroscope. This [act shows that thpy 
are partially volatile, as should Iia the cose according to the property 
of their nearest neighbours, the very volatile zinc, cadmium and mer- 
cury. As with them, in gallium, indium, and thallium the density of 
the roetel, decomposabillty of compounds, &.c., rises with the atomic 
weight. But here we find a peculiarity which does not exist in the 
•econd group. In the latter, the fusibility increases with the atomic 
weight of raagoesium, zinc, cadmium, and mercury ; indeed, the 
heaviest metal — mercury — is a liquid. In the third group it is not so. 
Id order to understand this it is suSicient to turn our attention to 
the elements of the further groups at the uneven series — for instance, 
to group v., contaiuing phosphorus, arsenic, and antimony, or to 
group VI., with sulphur, selenium, and tellurium, and also to 
group VII,, where chlorine, bromine and iodine are situated. In 
all these instances the fusibility decreases with a rise of atomic 
weight ; the members of the higher series, the elements of a high 
atomic weight, fuse with greater difficulty than the lighter eleraenta. 
The representatives of the uneven series of group HI., alurainiitm, 
gallioin, indium, thallium, forming, as they do, a transition, all show 
ftn inlermediate behaviour. Here the most fusible of all is the medium 
metal gallium,'"^ which fuses at the heat of the hand ; whilst indium, 
tlialUnm, and aluminium fuse at much higher temperatures, 

Zinc (group II.), which has an atomic weight 65, should he followed 
in group III. by an element with an atomic weight of about 69. It 
will be in the same group as Al and should consequently give RgOj, 
BCl], R,(SO,)„ alums and similar compounds analogous to those ol 
AluminiiUD. Its oxide should be more easily reducible to metal than 
klumina, jnst as zinc oxide is more easily reduced than magnesia. The 
oxide RjO] should, like alumina, have feeble but dearly expressed 
basic properties. The metal reduced from its compounds should havea 
greater atomic volume than zinc, because in the fifth series, proceeding 
ftom line to bromine, the volume increases. And as the volume of 
lina ^ 9'2, and of arsenic = 18, that of our metaJ should be 
lieftr to 12, This is also evident from the fact that the volume of 
ftlDminium = 11, and of indium := 14, and our metal is situated in 
group m., between aluminium and indium. If its volume = U'S 



"■*■ T)i* uma it >hB cus In group IV. o( tbi 
tuibU. Hiu llie temperature ol fuiiou nm 
inlluibleiKamuuDm. eoa°iUD. aSO°;le>a, »«°J: 



^B lh.lUni 



(Ml [a gronp m., ituluix 
lei >t 178". liHi euiljr intD guliniB bat doib Mill]' thSI^ 
iilsa [dici Kith gtamtet difficulty than gilUnni. 
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(ind iU atomic weight be about 09, then ita density will be iimi-ly S'9. 
The fact that zinc in more volatile than magnesium fpves reason for 
thiaking that the metal in question will be more volatile than 
aluminium, and thereforo (or expecting its discovery by tho aid o( 
the spectroscope, &c. 

These properties were indicated by me for the analogue of nlo- 
minium in 18TI, and T named it (see Chapter XV.) cka -aluminium. 
In 1875, Lecoq do Boiabaudran, who had done much work in spectrum 
analysis, discovered a new metal in a zinc blende from the Pyreneet 
(Pierrefitte). He recognised its individuality and difference from 
xino, cadmium, indium, and the other companions of zinc by meuu of 
the spectroscope ; but he only obtained some fractions of a centigram 
of it in a free Etnt«. Consequently only a few of its reactions were 
determined, as, for instaDce, tbut barium carbonate precipitates the new 
oxide from its Eolts (alumina, as is known, is also precipitated). Lecoq 
do Boisbaudran named the newly discovered metal galUum. As one 
would expect the same properties for efcaaluminium as were observed 
in gallium, I pointed out this fact at the time in the Memoirs of the 
Paris Academy of Sciences. All the subsequent observations of Lecoq 
de Boisbaudran confirmed the identity between the properties of gallium 
and those indicated for eka-aluminium. Immediately after this the 
ammonium alum of gallium was obtained, but the most convincing proof 
of all was found in the fact that the density of gallium although 
first apparently different 07) from that indicated above, afterwards, 
when the metal was carefully purified from sodium (which was lint 
used as a reduiing agent), pTOved to be just that (59) which would 
buvo K>cn looked for in tho analogue of aluminium ; and, what 
was very important, the equivalent (23'3) and atomic weight (G9*8) 
determined by the specific heat (0*08) were shown by experiment 
t« lie such as would be expected. These facts confirmed the 
universality and applicability of the periodic system of the elements. 
It must be remarked that previous to it there was no means of either 
foretelling the properties or even the existence of undiscovered 
elementa.'' 

Much more tight haa been thrown on that element of the aluminium 

» Tin >p«truiD d! uiJIiiun in clinnctrnied ij ■ biilliuit vioJet liiH of mn-length 
- tl7 huIUddUii at t. millimclK!. Tlia mclij cu b« Kp*nl«d ftom Uii •olBtinn, con- 
I th6 mtnj mcUll occuiring in the line blende, by making uh el tlw 
: il is precipiUled by ■odinio ewbonaW in (he fint |«rtioni ; il givw 
n boiLiDg, Haity decorapotei into a hmuc vdt. v«ry tli^bily to!ubl« 
In wmtrt; wul iti* dspoaitrd in > meUUic cUle train lU iolationg by Uis ulion of ft 
Siivaslo cnmnl. It tnua at * 10°, ud, wbin onee tatti, nmuiM liquid hir Kmn 
difficulty, erolvH hydrogai from hjdnicblorio acid and from 
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group which follows after cadmium (its position ia the periodic system 
is III., 7, that, is, it is in group III. ia the 7tb series). This ia 
indium, In, which also occurs in small quantities in certain zinc ores. 
It was discoverei) (1863) by Reich and Richter (and more fully investi- 
gated by Winkler) in the Freiberg iino orea, and was named indinitt' 
from the fact that it gives to the flume of a gas-burner a blue colora- 
tion, owing to the indigo blue spectral lines proper to it. The equi- 
valent {aee Chapter XV., Koto 15), specific heat, and other properties 
of the metal confirm the atomic weight lu = 1 13.'° 

Inasmuch as we found among the analogues of magnesium in 
group II. a metal, mercury, heavier and more easily reduced than 
the rest, and giving two grades of oxidation, go we should expcot to 
£nd B metal among the analogues of aluminium in group III. which 
would be heavy, easily reduced, and give two grades ot oxidation, and 
would have an atomic weight greater than 200. Such is thaiUjim. 
It forms compounds ot a lower type, TIX, besides the higher unstable 
type TIX3, just ft* mercury gives HgXj and HgX. In the form of 
the thailie oxide, TI^O,, the base is but feebly energetic, as would be 
expected by analogy with the o.\idei AljOj, Ga,Oj, and InjOj, whilst 
in thoUoiia oxide, TIjO, the basic properties are shiir|)ly defined, 
«■ might be expected according to the properties of the type R,0 
(Chapter XV,). Thailiam was discovered in 18G1 by Crookes and by 
lAiny in certain pyrites. When pyrites are employed in the manu- 
facture ot sulphuric acid, they are burned, and give besides sulphurous 
anhydride the vapours of various substances which accompany the 
sulphur, and are volatile. Among these substanceB arsenio and 
selenium are found, and together with thera, thallium. These sub- 
stances accumulate in a more or less considerable quantity in the 

it auily ionui bulo mlti. The bjdroildo i< 
ood iligbU; H iu cauitio SDunoniL Giklliom foi 
Petlenxin). 

* The TspODI d«Dait]r a! indioin chloride, IdCIj (Note SI), detsmuoed fay N: 
FaUouon, ooiifiniu Ihii atoiDlo ndgbl. Indiom it lepuilcd (rom line u ' 
vjth «hLc]i JL accDH, by taking 4dv«ut4ge of the fact that its hydxoxida ia buoiubJa in 
■tamoDJH, thai the aolutjima of iu ulta give Isdiiiia when treated with line (heDca iDdiom 
Si diaaalvcd after lino by ocida) and thai they gira a precipitate with hydragcix mlpbida 
aven bi add tolulions. metallic iDdiuni is gTEy, boa a tp. gr. ol 719, [qki at 17e°, and 
doeanM oiidiM in tlio air; ohen ignited, it Bnt givee a bladi aubgiide. In,0» Iben 
volatallaaa auil gina a brawn Olido, ln,0], Hbose ultn, InX], are alao larmsd by Uw 
dinct acLioa ol Midi on the metal, hydiogen being erolred. Cenitic ulkalis da not act 
oo EndinlD, froni which it in evident that it ia Icie f^apableof forming alkaline compounda 
Ukan aliuninioia ia; however, wiUi potacvDnkandeodiuJnbydr(n[idei,BolutiDDaof iadjiun 
MltBgivo acaloucless precipitate of the bydroiide, which ia aoluble in an eiceaaat the 
•Uiali, like tlio byisoi'iiet, Ql alDminium and line. Ita ulta do not flryatalliw. Nileoai 
and PaUenaon (1B8D), by the action of UC^ upon In, obtained ToUtile cryitallina, 
InClf, wd h] tnating Uiia compannd with In, InCI aleo. 
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tubes through which the vnpoura formed in the oumbuslion of the 
pjritos have to paM, When the methods of spoctrum aDBlyais vera 
dUoovered (1860), » great number of substances were subjected ta 
spectrostiopic research, and it was ob^rved that those fiublimatiaoa 
which are obtained in the combustion of certain pjrites contained an 
element Laving a very sbarplj-delined and characteristic Epectrum — 
namely, in the green portiou of the spectra it gave a well-defined band 
(wave-length 53i) millionth millimetres) which did not correspond with 
any then known element." 

Under the notion of a galvanic current solutions of thoUinm salt* 
deposit the metal in the form of a heavy powder. It is of a grey colour 
like tin, ia soft like sodium, and has a metallic lustre. Ita specific 
gravity is 1 1*6, it melts at 390", and volatilises at a high temperature. 
When heated slightly above its melting point it forms sn intoluble 
(in water) higher oxide, TljO,, as a dark-coloured powder, generally 
however accompanied by the lower oxide Tl^O, which ia also bUck 
but «olubte in water and alcohol. This solution has a distinctly 
alkaline reiiction. This thatlovB oxith mdts at 300°, and is easily 
obtained from ihe hydroxide TIHO by igniting it without scceM ol 
wr (in the presence of air the incandescent thallous oxide partly passe* 
into tholiic oxide). Thalloui hydroxide, TIOH, crystallises with one 
moleoale H,0 in yellow prisms which ore very easily soluble in water. 
Metallic thallium may be used for its preparation, aa the metal in the 
presence of water attracts oxygen from the air and forms the hydroxide. 
But metallic thallium doee not decompose water, although it given 
a hydroxide winch is soluble in water," ^* AH the other data fur the 

" Tbilliimi iru &[tcrw vdi lonDd isceKuD micHUid inthenra mincnl oroakHito, 
ODBtalning tud. lilioi, thilliniD. and ulauiom. It* ijoUtiDn dupcDdioD ths ful Uul is 
Uupnwmcaol uldt IbiUliBsi tQnoltbiiUaiuEanipauiult. TIX. ADumg thiH oaopoinid* 
tba eUoridi and nlphila an onl; Blightl; ulaUe, and gi'B with hjdiogtD nUpludt a 
Ua<A pneiintMe d Iba inlphida TW8, whicb ii ■olahls ia an eiuai ol acid, but iiuoliilila 
ID ammoniDiD aulphids. 

41 tu xiiB bait metJiod uE pnpariog thaUolu bjdrDiidv. TIOB. ia b^ tha dacompoaitioo 
ol Iba TDqnliita qnantil]: ol barjU hj llulloui nlphate, shiuh ia idighU; (oluble in waUi ; 
barium aulpbalc ii tfasn obuinad in ths precipitatD uid tballona bydroiida in aolotieo. 
TUa aolobUili ol the hjdroilda ii cueedijiglj chanctanitio, and lormi ooe of tha meal 
importanl prapaiiict ol thalliuo. Thau lo«ei (tbaUoui) oampolmda anol Uw tjt* 
TIZ, and recall tba taltt ol the alknlis. lbs aalta TIX ar« Mlamlaaa, do not ginapra- 
cipltMa wiUi Iba alkalii or ammonia, bnt ars ptndpila 
bacanae thalloui earboiute, TI^CO,, is ipuiaglj aolubls in 
Uw «ama kind ol prHipitate ai it doea witb the aalta ol 
plalinocblorida, PtTLjCW. All theia locla, togElher vitb Uw iKnDOf}ihiin 
TIX nth Iboaa ol polaaliaiD. again peml out vhal ao importanl lieniBcat 
ol oompoandi hare in the detcnoinatioD ol tha characlof of a givao aanaa o 
AlthoDgb thalliunt hai ■ K"atai aloTaie aBight and gteatcr dauaitT IbaB potaaaignw aol 
although It bna a le^i aimnic Tolame, De>atlwlH> Ihalloui (nida la aiuilofioiM ts 
poUuian Diid> in mnnt rcipMti. lor tb*r botb giia oompooBda ol tha luua Xjf, 
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cbemicAl and physical properties of thallium, of its two grades of oiddai- 
tion and of their correepODdiug salts, are expressed biy the poaitiOQ 
•ocapied by this metal in virtue of its atomic weight Tl =s 304, between 
uieT«iir}> Hg = 300, and lead Pb = 306. 

Galliam, iudiutu. aud thallium belong to the uoeven leriee, and there 
■bottld be elemeuU of the evco series ■□ group III. twrrespondiiig 
with xalcium, strontium, and barium in group II. These ele- 
ments ahoold in their oxides H,0, present basic characters of a more 
entfgetie kiod than those shown bj alaminn, just as calcium, 
atrontium, and barium give more energetic bases than magnesium, duo, 
Attd cadmioiD. Such are j/Urium and ylUrbittm, which occur in a 
rare Swedish mineral called gadoliniu, and are therefore termed 
Out gadoliait« metaU, To these belong also the metal latahanum, 
which acoompaniea the two other metals eeriwm and didymivm in 
the mineral arrtle, and it therefore belongs Co the cerite metals. All 
these metals and certain others aocompanfing them, give basic oxides 
R,Oj. At first their formula was auppoaed to be RO, but the 
application of the periodic system required their being counted aa 
eletoents of groups III. and IT., which was also confirmed bj 
the determination of the specific heats of tbeee metals," and better 

BX. Wa mar tortber temuk ttul tballoiu aooride, TIF, fi mUj wlnbls ui nlo u 
nil u UkIIou tilicoflnoridK. SiTl,Fi, bat that Ihiilou <i7>aidB, TICK, i* ipannflj 
wlBbls ID tnltt. Tbi>, togBthitwith tlit^ slight lolubUit^ of Uulloai chloride. TICl, ud 
— IphitW. TI^Oi, mdiutea u unJoKT betssan T12 wd the uIU ol lUrar. AgX. 

At c^udi tbe bieUr Slide or U» tJtatiK ofi<i<, Tl,Ot. UiBLlulliiiiii i* trinlut in it— 
IhU i*. it fonai compaaiida of lbs tfpa TIX,. Ttu lijdniiia>. T1040H), ii f onued by tha 
««tioB of hydroxod peioiiida od tluUoDH oiida, or by the action of upmoDu od t mqJu- 
lian of thillic ctalonde, TlClj. 11 in oblnined ■■ t. brown pnaijiiMie. iaaDlublc in wtta 
which it gi*ei Uullic ulti, TIX,. Tb*Uic sklnndc which 
\jag the niet^ in • itnuo of shloriDi'. tarmt u tuHj 
loluble in witer ud able b> port with two-thiriiU of iia 
heated. An kqaaoua uliitidD of tbi> wit jieldi colouileBa crrrtili eon- 
|uiviU«nt si witar. It ia eTident fnnn the ibova that li] tha thiUie ulu 
caa euilf be nduoad to Uullooe aalti bf ndociog igenta suoh u inlpbaroiu uhjl- 
~ " ' n, ±a. Baiidei tbeee ulti^ th^llM •Dlpbste, TUSO,)^IH^. thallie oitnta. 



Tl(NOi)i.<E^. ftc u 

auy iHble bati 

•> The ^cifl 

Haiebnnd, com 



id bj nirt. like the ■ 

A of cerium dettnuined (1070) by me. ftnd aJlerwirdi cotiflrtoed hf 
!■ with Uui atuiuc WBigfat ol oeriua mcoording to which Uu> com. 
podlMn ol two oiiilo ihauld be Cei,Oj and CeO^ HiUebruid du obUiaed malallle 
^— *^*""*" and didyinium by deoounpovibc their nlU by a ^vanic ooEmt, »nd ba 
fauid Uwir apecific hnati to be near that of oerinm and about 0'a4, and it ii Ibarelor* 
(oatiSaUe to give them w Blomic weight neat that of oBriom, aa wa* deoa on lb* baai* 
tl tlla periodic 1mm. ttp to 1870 yltriura oiide »u al»3 given the fomok BO. Hannf 
lined the eqnitalenl of ytlriom otide (with napecl to water), and toand it (• be 
1 coniiderad it neceiaacy lo aJso lucribe to it the conipoaitioD TgO), becanM UuB 
U( into iti pnqiec place id the periodic Byilun. If the aquinlaU of tka aMt (o 
n be 11'S, it oontaina SSB of metal per 16 of oxygen, and cooaeqiMDtly oaia part b; 
hi of bydrogan caplaoaa 98'S at jUtiDm, uul ii it be cagudad aa birnlBDt (olid*, 
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still by the fact that Nilson and Cltve, in their reseirches on the 
gftdolinito metala (1879), discovered rhat they contain n peculiar and 
very rare element, aeanditini, which by the magnitude of its atomic 
weight, So = 44, and in all its properties, exactly correHponds with the 
metal (previously foi'etold on the basis of the periodic syBtem) eAoJoron, 
whose properties were determined by taking the cerite and gadoUnit« 
metals as forming oxides RgO].*^ 



BO), ii 



, by iu fttomis weight SSe, Snct a pUce it 
riTnlont— tlut ig, il Ihs (oimnla ol it! oiide 
!n V - SB, uid a (VHtion U op«ii tot il In the third gioop In the ■ 
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portiei and that it would give coloorlon edli. And thii proved lo b 
icuDdinm oilde. In deicribing uAndiqin, Clbve and Nilwn admowledge that the par- 
ticular intneil Attached to this elcmenl ii dne lo iti comi'totu identilj with tha npKled 
•lunent elubonm. And this accumte (otelcllingol pcopctliet could only ba anind at by 
admitting that alteration ot the atomic weight! ol the cerite and gadotinito metal* whkh 
wai one ot the fitet rcsolls ot the application ol the periodic ly'tem ol the elomenla to 
the interpretation ol che mioal laeli. In my fint memoira, namely, In tha Bullttiit of 
the SI. Pettnbiirg Acadtmi/o/ BcinHcei, tot. viiHima], mi In Lielrie'i Jnnotn (E.& 
p. les) and otheri, I paiticnlarly inilited on the ncceialty ol altering the then accepted 
atomic weigbte at cerium, lanthanum, and didymiam. Cllve. Hiiglllnd, Billebrand and 
Horton, and more eipecially Braonct. and other* accepted the propoied altenlion, aul 
gave Ireili prool* in favour of the piopoied alteration* ol these atomic neighta. The atody 
ol Ihe Bnoride* wiu particularly important. Placing cerium In the foorth groap, lb* 
ccmpoiilioD ol iu higheit oiida would then be CeOg. and it* compound* CoX), and (ha 
lowar oiide, Ce,0] or CtXf, Biaaner obtained the Bnoride CeFuH,U corrcapoDdlag 
with tha Gnt, and a double cryitalline (all, SKF,3CcFi,ilHiO, withool any admnlun ot 
compound ol the lower grade CtXf which goneially occur together witb the mkjorily g| 
■all! coircipouding with CeX,. It will be seen from' tlieie loimulie and from Ihe tablHol 
the dementi, that cerlniD and didymlam do not belong to Ibo third group, which I* new 
being detcribcd, bat we mention them horn tor convenience, a* all the cent* ud 
gadelinite metale hare much in eommon. Theie metal*, which uo rare in Mturi^ 
reiemblc oach other in muiy reipecti, atway* aceompaoj each other, are with diBeBllJ 
liolated trom each other, and (land together in tlie periodic tyitcm of the elemenlaj 
tlicyhave acquilod a peculiar inltreit owing to their harlng been In IB70 tbgobJecUol 
the itody of Harignac, Delafonlaine, Soret. Lecoq de BoiabaDdnui, Bmunor. Cltrs, 
Nileon, the profeiior* ot Upnia, and others 

The ceilta and gadolinlte nulal* occDC in tare dliceoat minenli Innn Sweden, 
Ametic*, the Ural*, and Baikal, inch ai eerite (in Sweden), gndolinile, and oitbito ! and 
in ttll] laror mlneraJa formed by tiUalc, uiobic, and UnUlio acidi. *uch ai euicnlte la 
Norway and America, and umanklte in Norway. Ihe tJral* and Aniarlea, and In a few 
rare flDoridea and phosphate*. Among the latter, monoiilo i* lonnd in tomawhal 
fonEidorablo quantiliei In BraiU and Korth Catoliita; Ihii coaUin* the |ilu»n!uilu ot 
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The brevitjr of this work and the great raritj of the above-mentioned 
elements will give me the right to ezclade their description, all the 



irvpuing Uukl iDJilnre irf 
•bicb ii emplayod lor 



upon, uid 



cenom. CoFO,( - CegOsP^s), togitlivt with didTmium, thoriun 
Id W. EdtoD and Slupldgh'a uibIth*), vi it sow oaed loi 
the oiideh ol the nta msUli (MpsciaUy ThO„CBjOj,L^„ 1 
LuudeiuDt buman (Aaur ion WdabKh), u it hu bwn [ou 

Uu difflcolly of upuiting the oiidea (roin euh other, m tlie chief n 
tha coiDpciHtiDD of tfaa oomponndi ol tiMw me niettli ii u impertectij known. 
Carite b the noit Kceulble of Ibeia miDanU. Baaldaa nlisa ft wntaiu mace 
Una SO p. c. ol the oiides of ceiioia, luiUuniiia (fnmi t p. c), aod didTminm. Tbo 
daooBtpOMtioo dI ita powder by iiilphD rig addgiTe* nlpbatea, all of whiflh an Mtluble in 
wntei. The other minenlB mentioiied abova ue alas deeorapoaed In the auna manner. 
The Bolbtion ol aniphatea ii precipitated with free oialio aoid, which forma aalta tnaoinbla 
iD water and dUnte aoid* with aU (ha oatite ud gadaUnlte oiidaL The niide* tham- 
eeheB are ablaineil by igniting the oialatei. When iKoited in tha air tha osniui 
paiaea from ita ordiDATy oiida CegO^ into tha higher oiide GeO^, wliieh is ao feeble % 
baaa that it< lalta are decompowd by water, and it ia uuolnble in dilnle nitric acid. 
Therefore it it alwajt potiible to remove all tha cerinni oilda by repealed i^tioni and 
aolutionfc in inlphnrio a^ id. Tha farther aeparation of tha mataJa ia mainly baaed on 
lour melhodi amployed by many inrettigators. 

(a) A aolutioo otlhn miiod aklla it treated with uietceuol aolidpotuainm nlphata. 
Doable salU. aoch aa C&,(BOt).i,gK,90,. are Ihoa formed. The gadolinite raelala, 
nuuely yttriom. yttarbiom, and erbium, then r«iialn in udntion— that ie, their doDUa 
nfelta are aoluble in a aolntioD of potaaainm aulplmte, whjlbt the cerite meiafa — namely, 
Earian, lanthannm, and didyniinm— .are precifHtatod. that la, their double aalta arv 
ibaoloble in a aaturatfld colution of pataBHJnm BQlphate. Thi* ordinary outhod of 
aeparation, however, appeara fnnn the reacarehea of Harignoc to be bo antniatworthy 
that a conudeiable amount of didymiam and the other metals ceaiain in the aolDble por- 
tion, owing to the laet that, althongh individually insoluble, they are ditaolved wbait 
iniiad togethar. Tbne erbium and terbium oecur both in the toluiJDo and pndpitate. 
NarcitbeleBB, beryUiom, yltliiuD, erbium, and yttorbiombelonglotheaolDble, and tcan- 
diuni, ceriom, ^aTt^^*"P*". didymiiun, and thoriom to the Inaolubltj portion. The inaoluble 
aalt of Bcandium, for a;uunple [i^e- msolnhle in a aolutioD of potatainm salpha(e|, haa a 
esmpoaition ei^aO,)bSK,aOt. 

(b) Tbe oiidea obtained by the ignition ol the olalaMi are diBBolved in nitric acid (the 
nitntaa of the oerita matala eaaily form dooble aalti with thoBa ol the alluii metal*, and 
aaaome — lor ajtainple, the ammotiio-Lanthannm aalt — cryatallise very well, they ahouldbv 
etodied and apphed to the analytical aeparation of Ihaae nulala), tha aalatioo ia than 
•tapnated to dryneat, and the reaidue foeod. All nitrate* ara deatroyed by heat; tboaa 
«( alomininm and iron, &c, very eaaily, thoae of tha cerita and gadolinite matala atao 
•aafly (altliongb not u> easily at the abore) but in different degreea and tequence; to thai 
by carrying on the decompobition carefnlly from tha beginning ii it pcAaible to deBtrojr 
tha nitrate of only one metal without tooching the othera, or leaving thimi a* idjolublo 
baaic tall*. This method, like the preceding aod the tno following, mutt be repeated 
aa maoy as aaf anty times to attain a really conttant product of fined pnipartjea, that 
la, one in which tha decotnpoBed and nndecompoeed portion* contain one and tbe aam* 
ODda. Thia method, dne to Berlin and worked out by BBDBan,haagiTDn in ihabandiot 
Uatjgsao and Nilwin the hot raButls, etpeeially lor the teparatiDii ol tha gadoUoila 
me t al a , yttertnom and scandium. 

(c) A solution of Lheaalta it partially precipitated by ammonia; that it, tha tolntion it 

quantity ol the bu*> (tmstioDsl precipitation}. Thaa. the didymiDm hydtuiida Lt BM 



96 PRLVCIPLES OF CHEMIfiTBY 

more as the priociplea of the periodic system enable many of their 
properties to be foreseen, and as tiieir praoticat uses (ccriuu oxalate ia 

pcecipiUted Irom a uiitura ol the ulu ol didyminm ud UnUianDm. A puliil up*. 
ntion msj ba xSscUd by n|ieBliiig the ululiou ol Ibe piecipiuts uid huctionnl 
prccipiraElon, but k perfuctly pure pntdart ih Bciircelf attaitubla. 

(d) The fontintei having diSenot degisos of lolaliilit} {katluBD» (onule 130 puM 
ol wntei per one ol ult, didymium lannaitB 311, ccfiaia lonnaUi 360, jtlrliim anil abiaa 
lomutes wiilj Hlubls) give a poselble Isgiuii ol separating cerlua at (he giidoliniU 
njelalc fiom each other bj a method of Irmctjoiu] eolation and precipitiktiorL, ai BuDceo, 
Bihr, Cl^Te, and otben hnve poliilfid out. 

(e) Crookea (1B93) look ■drentut^e at the [raotlonal precipitalioD ol atDohalioM4atuini 
■ol the ohiorideii b; itmylese, and bj Ihii meana eepanted, loi eiainple, erbium, terluBn, 
and otben, 

(/) LuUjr, oiide of tliDiinm TbO, (Cbaptei VTIL, Note 5B) it aepuvted b; meuu «l 



ulubilily 



inof» 



& good method of Hpataling t) 



Htdii' 



n, tor I 



-other. There ve alto only a few mtlhoda of diatinguiihi 
we can on); add the IsUoinDg tour to tbc aboie. 

• The lacnlt; of oiidiaing into a higher oiida. Tbii ii 
■hidi^Tee theoiidetCoaOi and CeO, or CbjOi. Didjminin also gireaonecolourta* 
oiide, DigOj, which it capable of forming ulti (of a UIilc colour), and another, aeeuding 
to BraoHi'r, DijO, -whicU it dark broto anil doea not loro lolti, k Tar m It known, 
and (like eerie Diidel a<ta at nn oxidising agent, like tlio higher oiidet ol lellHriiun, 
manganeie, lead, and othi^rn. IdiOtKanam, yttrium, and ouay othon are net capabla 
at tach oxidation, The pntencs ol the higher oiidei may be recogniaed by ignllioo in 
Jiitnam ot hydrotfen, by which means the bigharoitdet an reduced to the tover, which 
then remain aoaltered- 

' The majoiily of the lalti of the gidalinite and ccrite metal* u« eolonrtcM, bal 
thoN ol didymium and erbium are tote- coloured, the aaltt ol the higher oiide of eeriom, 
CeXf, yellow, ol the higher oxide ot Icrbium, yellow. Sic. Thni, the Snt metal* ob- 
tained from gadolinite were yttrium, giving coloorlcst, and erbium, giving roM-colaared, 
■alti. Allerwaidi itwat found that the ults ot erbium of loimer inveabgatoncoDtained 
nuraomai colourleu sallt of acandium, ytteibiam, Ac., w that a, coluration •ometimei 
indicalea the pKHrnee ol a amall imparity, as wiia long Icnowa to bo the caae in 
minerali, and therefore tfait paint of distinction cannot be coniidemd [ruitwotthy. 

* In a solid ttate and in solutions, the ealla of didymium, samarium, Iw^mium, Ac., 
giT« chsnwteristie absorption spectra, u ma pointed out in Chapter Xm., and this 
UBlunUIy ii connected with Ibe coloni ot these talta. The moit important point it, that 
those netalg which do not giro an abaorpUon spectTuni— lor example, lanthanum, 
yttrium, scandium, and ytterbium— may be obtained tree from didymium, aamariiuii, 
and the other metuli giring abtorptiou speotia, bacania the pretence ol the latter may 
be eauly recDgnised by meana of Ibe epectroscope, whilst (be pretence ot (he tanner In 
the latter cannot be dittinguidied, and therelors the poriBcation of the loROFr can ba 
earried Inrthsi than that of the Ultcf. Wo may further remark that the MntitiveDeM 
ol Ih* epectmm reaotion tor didynunm is to great thai it is pouible with a layei of 
•olntion hall a metro thick to recognise tlie preienM of 1 pari of dMymiun (aide (a* 
lalt) in 10,000 parte ot water. Cotai deten^ned the pteeeDce ol didymium (logeUiat 
with oeriuin and lanlhanam) in ipatitea, limeatooes bone*, and tha uhes ol plants hy 
this method. Tb* nuia group ol dark Unea of dldymlom oorreapoBd with waT*.teBgtlw 
«lfram(BO(oETOmillion(htmm.j uid tb« aeoondary to abont HO, 730,180,40. Th« 
chief abiorption bands of aamatium are 4Ta-4SS, tl7, SOO, and KS. Besides which, 
Crookea applied the investigatioa of (be tpectra of the phospboretcent light which la 
emitted by certain earths in an almost perfect vaeDDm, when an electric diichsjge ia'pata«3 
throcghit. lo the diicorery and^chanclerltition ol (heie raiemetala. Boli( would Mem 
that the smalleit ndmixtnre of other oxides (for euniple, I»imutb uraulum) to poworlnllf 
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naed in taedicino, and didymiuin 
mixture of the oxides of lanthai; 



xido iQ the manuFoiCturB of glass, & 
s and similar metala ia employed for 



[nQnooceB theaa ipectn tint ths tuadamcDtal dislinctions of thii oiidci cannot bo dele(> 
DUDsd bf Uil> method. Bebidea irhich, Uis spectra obtained bj^ tlie [ii\«use ot apuka 
thioagh Klolloae oi powders of the »](s ue detecmined ax3 applied la dialinguiahiis 
Lhg elemanl). bnl ■■ epectra tu; with tho tempeuloce sad eliksticily (ooiuaatnlion) 
Ibii inclbod GUinot be Doniiidueil n» tcuitworthy- 

* The mott impottuil point of diatlDction ol Indiiiduil melillic otidei Ig given hf 
the XiBot dslcrmiiiation 0/ timir iqaiBaCrat icith rnjitcl to laatar — that It, theimonnl 
ol Ilia aiide by weight which oombinci (Ilka water] witb 80 purta by welglLt of lulphutli) 
anhydride, SO^, foi the tormabioaol anorm&li&lt. Fof this purpose tlie oxide iswelgbed 
mi diuolved in nitria scid, •nlphnrlc scid ia Ihea added, and the whole is omporated la 
diynait over a wntec-bttli Bad thes bested oier a nslied Ssmo snffloleiitl}' strongly la 
diire oQ the excess of sulphurio acid, but BO sfl not to deoomposo tho salt (the prodaot would 
Id that esse ddI be perfectly aolable Jn water); then, knawiog tho weight ol tbooiido 
•Od ot the sohydraui tutphate, we can find the equivalent of the oxide. Tho following are 
the most Eruttworthy figures in this oonnectian : scandium oiido 4S'SG (Kilson), Tttrium 
Wide79'7 (Cllie; oecocding to my do(erminatioa,iaTl— Tl'S),coniD«oiido— that Is, Uio 
tower farm of oiidalion at eertmn, accordiog to vuious iurastigators (BUDSen, Bcaunel, 
and other*) from lOS lo 111, the higher oiide of cerium from 83 to 97, lonthouim oiido. 
Mcordlng lo Braunel, IDS, didjraium oiida (in salts ot the ordinary lowor form ot 
oudktion) ebout 113 (Bforignsc, BnuoeT, Cl&vo}, samnrlom oiide abont lia |Clt<e), 
jtterbiDm oxide 1813 (Nitson), It may not bo superfluous here lo draw attenliou (a this 
hel that the equirolent ol the oxides ol all tho gadolSnlte and ccrila meluls for water 
dittiibala themgalves iiilo fani groups with a somewbat eonslont dKfcreticD of nculy NO. 
In the fint group is seandium oxide with equivalent 15, Id the second, yttrium oxide TS, 
ID the third, lanlhsnum, cerium, didymium, and uunarium oxides with aglliialenl aboat 
110, and, in tho lourtli, crbiaiD, ytterbium, and thoriam oiidoa with equivoleut shout 131. 
Thseomniou differoBce al period is nearly 45. And if we ascribe the type R^O^ lo all 
the oxides— that is, il wo Iripls the weight ol tho equiTsloat ot the oxide— we tlioll 
(•bt4hl ■ difference of the groups nesriy equal to BO, which, lor two atoms of the nitlal, 
loirns the otdiiiary periodic difference ol *S. II ono and the some type of oxide RiOj be 
MCflbad to ell theea elements (as now generally accepted, in maoy cases ther* bcinjc 
InsnOleienlly trustworthy data), then the atomie weights should be Bo •> 14, Y » ap. 
La - ue, Ce o 110, Di - 111, (neodymium 110, priseodymlum 111), 8m <• IM, Yl) - ITS, 
also lerbioiu 117, holmium 1113, alphii-tlrium 1S7, erbium Hi, OiiiVasa no.declpjiua ITl. 
tl should be observed that there msy be instances ol bssie soitB. If, lor example, an 
alement with on nLomie weight BO gave an oxide B0„ but salts BOXi. then by oounting 
its oiide •< Kfii its atomio weight womld be 15D, 

AU the points distinguishing many gadoUnlle and ceiile elements have not been 
tnlBclently well ettablished in cerlahi cases (lor example, with deeiplum, thulium, hol- 
mium, and others). At present the most certain are yttrium, scandium, cerinia, and 
lanlbanum. Li the case of didymium, for example, there is still much that is doubtful. 
Didymium, diBcovered in IBia by Mosander otter lanthanum, diQers trom the latter in 
lie absorplioa epectiuoi and the lilac-rose colour ol its salts. Delofontoiiia (1S7B) sepa- 
rated samarium from It. Wehbach showed that ib contains two particular elements, 
Modjmium (salts bluish-red) and pntseodyniium (salts appla-greon], and Bacqneiel 
flBS7| by investigating tho apectrm ol crystals, recognised the presenoe of six Indf- 
*ldua] ilements. Probably, therefore, many ot the now recognised elements eont^a ft 
niilate of vuievB others, and at yet there Is not enough cooStmatiou ol llieii individu- 
ality. At regaidi ytlriuni, scandiam, cerium, and lanthanum, which have hoeo 

' wilhoDt doubt. I think thai, owing to theii great rarity in naloia and 

t, il would be superfluous to describe them further in to elemenUiy ft 
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giving a bright lights as this mixture emits a brilliant white light 
when brought to incandeacenoe) are very limited, by reason of their 
great rarity in natare, and the difficulty of separating them from one 
another. 

from the oompotiiion of NaA MgsHj, &c. C. Winkler (1891), on redneing CeO« with 
magnennm, also remarked a rapid absorption of hydrogen, and diowed that a hydride of 
cerium, CeHu correqponding to CaH, and the other timilar hydrides ,of metala of the 
alkaliiie earths, is fonned (Chapter XIV., Note-dS). 



CHAPTER XVni 



SlLtCOII AND THB OTHER ELEMENTS OP THE F 



Caebon, which gives the compounds CH, and CO,, belongs to the 
fourth group of elenienta. The nearest element to carbon is uticOD, 
which forma the compounds SiH, and 3iOj ; its relation to carbon is 
like that of almaintum to boron or phosphoruE to nitrogen. As carbon 
composes the principal and most essential part of animal and vegetable 
Bnbitances, so ia silicon almost on invariable component part of the 
rock; formations of the earth's crust. Silicon hydride, SiH„ like CHt, 
bat QD acid propertios, bat aitica, SiO^, shows feeble acid propertiea 
like carbonic anhydride. In a free state silicon is also a non-volatile, 
•lightly energetic non-metal, like carbon. Therefore the form and 
nature of tlie compounds of carbon and silicon are very similar. In 
addition to this resemblance, silicon presents one exceedingly imporUuit 
distinction from carbon ; namely, the nature of the higher degree of 
oxidation. That is, silica, silicon dioxide, or silicio anhydride, SiO) ia 
a solid, non-volatite, and exceedingly infusible substance, very unlike 
carbonic anhydride, CO,, which is a gas. This expresses the essential 
peculiarity of silicon, The cause of this distinction may be moat 
probably sought tor in the polymeric composition of silica compared 
with carbonic anhydride. The molecule of carbonia anhydride con 
tains CO,, as seen by the density of this gas. The molecular weight 
And vapour density of silica, were it volatile, would probably correspond 
with the formula SiOj, but it might bo imagined that it would corre- 
spond to a far higher atomic weight of Si^O^, principally from tlie 
fact that SiHt is a gas Uke CH^, and SiCI, is a liquid and volatile, 
boiling at 57°— that ia, even lower than CC1„ which boils at 76°. Id 
general, analogous compounds of silicon and carbon have nearly the 
ume boiling points if they are liquid and volatile.' From this it mi^fht 
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be expected Ihnt ailioic (inhydride, SiOg, would be ft gas liko carbonic 
anhyJi-ido, u-hilat in reality silica is a bard non-voktile subataiice,'^' 
ftnd therefore it may with great cartainty be considered tbat in this 
condition it is polymeric with SiO„ as on polymerisation — for instance, 
wheu cyanogen passes into parncyanogen, or hydrocyanic acid into 
cysnuric acid (Chapter IX.) — very frequently giiseous or volatile 
Eubitnitces change into solid, nonvolatile, and phyMcally denser and 
more complex substances.' We will first make acijuaintaDce with free 
silicon and its volatile compounds, as substances in which the analogy 
of silicon with carbon is thown, not only in » chemical bat also in & 
physical sense.* 

«nmpK the Toluiuea ol CCI4-EX, SlCli-lia, CHCl^-Bl, SiHC],-«Sl, el C(CX:BbI4 
■ IBS, ikud Bi(OC,Hi)i-SDl. The cormpondint: wiJts hsvv ilw iwuli Kpitl ipacifla 
Tolomea) for eiuaple, C&COj-BT, CaSiOj-ll. It. is impoisiblo to coaipan SiOi tad 
COj. becnUBS Iheic phjsicnl ilatei ure to widtly diJftrcnt. 

■ »• Bui lilicn fiH« and Totntllito (Hoinnu) in UiD hut si On, dcriric: hiniue, •bonl 
aoOO', SiO, ii alio pKtwUj voUtil* ■,( Uh tsmpentun iltAinsd in tho fiume si dctookl- 
Ing gu (Cremcr, ISM). 

■ A property o( iatsrMUlbiunllDU !> oburvibte in (lis slums ol caibon, nnd ■ tunlty 
(or [nlcRouibinnlisn, or polymcrimUoii, i> iJiio aenn In Iha ODBttirated hjdrociTbraii 
and eubon eampDimdi In gtMnl. In dicon a ptoperly of Ihs um» nitma ii louad to 
be porUcularly deireloped in vJics, BjOg, which i> noC tha COM3 wilh c4rbonLc oohydiid*, 
Tbe tuult)' □[ Uie nioliiculea dI lulici [or combining both villi ollior molonJei ud 
unoog theniMlvei <s cihibit^d fn ths fomulion of moat Tniisd coni|K)nndi ailh b« m , 
in the lonnatiDO of tiydntei wiUi a gndoolly dccrowng proporUon of miter dovB to 
nnhydroBS silica, in tbe ooUwd oature of Iha hydrate (the molecules ol cc^oidt u« aJnfi 
eotoplei), in Ihe [ormitiDn ot polymeric elhere«I ulta, ind in msny other propeitiei 
which Htll be considered in the nqocl. Hnvinf; come to (hi* cODclnwon u Is tlw poly- 

.merie tints ol lilin nnc* the yean ISS9-18W, I hitse found it t« be cmGnntd hj kll 
■obsequenl reernrchei dd Iho campomids of silica, niA, If I ntitlok* noLj Ules view bftS 
DOW been very generally accepted, 

> It wns only titer Gerhudt, and ui genanl Eubuqurntly ta tha cilabliEhnent al 
tike true ktomic wriebto ot the elemtnts (Chapter Vtl.), U»t a tio* ids □! ihe staiiua 
wdghl ol lilicoii and ol the composilion ol slim wai urivud al from U» tut that tfa* 
■DDlecule* of BiCU. SIF,. 8i(OC,H,)4, As., neioi contaiu less than W lUiU of lilicun. 

Tlie quedlon 0/ Iht tenjiMili'sn tf silica was long the tubjeet of, the moil cenlra- 
dklory (talenKDU In the hittoiy of acienee. In the last cenlnry Poll, Becgmasn, and 
Bcheele diilingDislied silica tiom dumiua and lima. la the luginning of th< pnwnl 
century Snilliion lot the 9nt time enpnuod the opinicni that lilica wii an acid, tad 
tlfte Dinemls of racks salts of this add. Beruliut determined tbe pretends of OEygen in 
rilie*— namely, thai S pacta of oiygen wore aalled with 7 of Bilicoa. The composition of 
«ilica was Unt ctpmssd at 6iO (and lot the wko of ifaortncis 8 only vat »methiu« 
written inUead). An invritigaUso in the araouut of ntlca present In crytlolline minetali 
showed thai the anount of oiygsn in tb* bates bean a very varied propoctioB la Dm 
e silica, and Ibat lliit ratio raiiet from 1:1 lo 1 : B. Tlw 
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immm minerals contain a larger proporlicm ol lilica, the ratio between the oiyftn ol 
lb* baiei and the ciygen of the tilica beiDg equal to 1 : 8, or thereabauU 1 meh an Dm 
aogiln, UfaradorileB, ollgoclue, Ule, So. The higher ratio I : S it known lor a widtJgr 
dittrlbated scries ot natural siliates — f^r eiaaiple, Ihsfelspara ThoetiilkalaiiBarkidi 
Uta amoual d mn™ b> thebMaaUeqpsl lolh*liaUi*iiiittu*t>tMtdw 
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Free silicon can be obtAined in an amorphous or crjBtatline state. 
Amoq>hou9 silicon ia produced, like aJuminium, by decomposing thp 
double Suorido of sodium and silicon {sodium silicofluoride) b; meana 
of Ktdtum : NH,SiF6 + 4Na = GNhF + Si. By treating the masa tinw 
obtained with water the sodium fluoride may be extracted and the 
residue will consist of brown, powdery silicon, In ordnr to tree it from 
any ailica which might be formetl, it is treated with hydrofluoric acid. 
This silicon powder is not lustrous ; when heat«d it easily ignitfs, but 
does not completely burn. It fuses «hen very strongly heated, and 

Huir gcnenl lonsolB will be (ItO]^SiO| 6i (RtOjIitSiO,):. Tbou in w)iich the latio of 
the Oljgea i> equal to 1 : 9 are tamud biiiUcatet, mi their gaD«nl Foimula will be 
BOSiOi or BiOi (SiO,1,. Tbou in which the ntio [s 1 : 3 vill be IritiUcalt; ud thdi 
gtnenl (ormak (BOhlSiOj)] or (BiOgM8iOi)g. 

Id thiM lormnlB the cow eatabliihed oompniitJOD of EiO,— that is, that in ■hioh the 
Mom of 3i*^ 98 — ieenploysd. Bonelioa, who made an actmruM anikl j(ii of Iheoompailtion 
nt Mxpu, uid rHogdwd it a> a triallicBte tormed by the noion ol polaaiiiun o^e uid 
alomhu with silica, In juat the a4nie manner aw Che alumi ate f onndd b; lulphuric aeid, 
ftrt ailica the uate (onnolai aa sulphnild tnhjdrlda— thul is, SiO]. In thia csh tha 
(onmlB ol felapai would be enu^tly limilar to that of Uie alom*— that ii, KAl(3iO,)„ 
like the alnnu. KAl(30i)i. It the carapdaition of lilica be tepreaenlsd ai SlOg. the atom 
oleilieoD mniCbe leooBoiaed a> equal to 19 (if 0^16; ot il 0=B, oiit woa before Uheo 

tob«,8l=ai). 

The fanner rormnls of aUiea, 9iO(Si-ll,) and BiO,(8i><SI). were fint duinged Into 
OcpmCDt ona, 8iO](Si-°9S;, on the bona ol tha lallcnring argnmenta :— An oiceai of 
■ilica occorc in nature, and in aitioeoQa mdlB frett aiiica la geoerall j found aide by aide vitb 
Oa rflioalfla, and one la thoiefore led to the oondaaion that it hu formed add aalta. 
It wottld therefora be incorrect to consider the triiilicateB aa normal aulta of ailicai lor 
(hey oontoiD the Urgeat proportion ol eilica ; it li mncb better to admit saothcr fonanla 
with • amolloT pnportios ol oxygen lor aUico, and it theo appeora that the majoiilf of 

■inenla ore normal ot alighll; basic aalli, whilit umo of the min 

io oMon coDloin aa eiceg* of silica — that ia. belong to the order ct acid aalt*. 

At the preaent time, when there ii a general method (Chapter Vtl.J for the d 

weight BisSS, and Chetefoie aiiica ia BiO,. Thaa, br mample, the vapour danaitf at 
tHioon ohtoride with reipect to air il, tisDlijnaaato»ed(18S9), S'9(, and henoe with re^Met 
Io b;diogeo it la Si% B4id coateqaectly iti molecnlai weight will be 171 (iaatead of ITO 
u indicated by theory). Thii weigbt contains 98 parti of liliooD and 113 porta i4 
chloriDe, and aaan atom ol the latter is equal to SE'G, the molecnle of silicon chlorideeon- 
taiu SiOU. Ah two atome of cbloriae an eqniralent to one of oiygen, tha oompoiitian 
efailia wiU be SiOi— that la, the Bonie u stannic oxide, BnO„ or titanio oxide, TiOi, and 
the like, and aJ» aa carbonic and suIphorouB anhydridea, CO) and 30^, But ailtoabeon 
but UttU physical roaemblonce to the latter compoosda, whilat stannic and litonnio 
(Oidea taiemble silica both phyeically and chemically. Tbey are non-volatile, oirstalllnai 
iniolable, are eoUoida, alio form feeble acids like silica, &c-, and they might thorefore be 
opeoted to form anaiogona compounda. and be isomorphous with aiiica, oa Harignoo 
neSi] foond actoolly to be the oua. He abtained staoneflaoridH, lor example on euilr 
•oluble stroDtiom eolt, SrSnFa. 9HsO, conetponding with tha already long blown ailioo 
fluorides, sncb as ErSiF„ aH,0, These two aalti ore olmoat identical in oiyttallina 
lonn (monochnict angle of the prism, B8° for tha fonner and S4° for Uie latter; inoliafr 
lion ot the axeo, 10S° IS' for the latter and IDS" S0> tor tha former), that la, they are 
I msy here add that the gpeoifia volume ol lilieii ui a eolid fonn i) iit, 
ol etoBJiili oxide 91'C. 
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has IbGn the appearance of oarbon.* Crjitallioe silicon it obtained in 
B similtir waj, but b; labstitutini; an excess of alumiiiiutD for tLe 
aodiiuD : 3Ka,SiFe + 4A] = 6NaF+lAlFs+3Si. The part of the 
alumimum. remaining in the metallic atato dissolves the ailioon, and 
the latter aepBrat«« from the solution oa cooling in a crjstalliiie form. 
The exceu of alaminium &fter the fusion is removed by means of hydro- 
chloric and hydrofluoric acid. The best silicon crystals are obtained 
from molt«n zinc ; 19 parts of sodium liticofluoHde are mixed with 
20 parte of dnc and i parts of sodium, and the mixture is thrown 
into a strongly heated crucible, a layer of common ealt being used to 
cover it ; when the mass fuses it is stirred, cooled, treated with 
hydrochloric acid, and then washed with nitric acid. Silicon, especially 
when crystalline, like graphite and charcoal, does not in any way act 
on the above-mentioned acids. It forms black, very brilliant, regalar 
octahedra having a specific gravity of 2'49 ; it ii a bad conductor of 
electricity, and does not bum even in pure oiygen (but it bnnu in 
gaseous fluorine). The only acid which actson it is a mixture of hydrft- 
Duonc and nitric acids ; but caustic alkalis dissolve in it like aluminium, 
with evolution of hydrogen, thus showing its acid character. In 
general silicon strongly resists tbo action of reagents, aa do also boron 
and carbon. Crystalline silicon was obtained in 1865 by Deville, and 
•morphons silicon in 1826 by Beneliua"*" 

Silicon hydride, BiH„ analogous to marsh gas, was obtained Grst 
of ati in an impure state, mixed with hydrogen, by two methods : by 
the action of an alloy of silicon and magnesium on hydrochloric acid,* 
and by the action of the galvanic current on dilute sulphuric acuJ, 
using electrodes of aluminium, containing silicon. In these cases 

* A timilu torm of liliDcB [> obCtmrd by fusing SiO] willi migUMiiiiB, whm an ■llo; 
ol Bi uicl ttg it >!» tonoed {(UtteTmum), Wursn (ims) by IiHting dui^mIbib ia a 
•trsua ol BiF, obtainod uliDDn uid il< Jloj wiU) nuenwioiB. WinkliB {'"' 
tifUtgiSii ud MggSi tn fomud irben SiO, and Kg ire hut«d togeUist ■! 
pamlnnii, nhilil mt m, high tempgntore Si onlT >■ fanned. 

*^^ llift ToTj ranurfaablA th»1 ulicoD deocmpoiat oivbciiijo vibjdjide at it 
fanniug A *bitfliiu«awbicb,afWTb«bkgtre«A«dwithpoteHiiiiDbfdrDndeaDd: 
Kid. Ismvst ■ rciT lUhle ydloir nbiUniK of the fonnnU BiCO, which it fomi 
to IhB Bqubon, SSi + aCCH- SiO, + ISiCO. It ii >]» tlolr tonoed vhm tilioin li 
wtth «HnD>ri ciilde. II it not atidjHd wbxD bMtsdioDijga. A mil 
aarboD >hui healed in nitragcii gim tha wopoond Bi,C,N, ohieh j 
Ob lliia baaii SchUlavibcrgsT neogmaai a gnwp, C,ait. aa Mpabla ol oDinbiDJBg with 1]^ 
ad M, like C. 

Wa may add lltU TrooM and Haulatenilla, hj haating amoiibaaa aOieon la tka 
vKponr of StCl,, obtained UTctalliBa lOiDia, and probably at tha aafOB time loww oe^ 
ronndt ol Bi aod CI won loBpoiHay lamed. In ih« Taponi of TiCl, Bndsr Iba nnk 
(oodiliniu crratalliiia titaBiBtn ia fannsd (La<rT. IHN). 

• Thii alloy, aa BokatoS and Obankoff Aowti, ia eaaily obtained by diraelly bnU^ 
faaly dividad ailica (tba e^tparimaiil raar ba wndaotad is a ta« Isba) ■itfa Mffw dit 



SILICON AND THE OTHER ELEMENTS OF THE FOURTH OHOUP 103 

mlicon hydride Is Get free, together with hydrogen, and the pre^wnoe 
a( the hydride. is shown by the fact that the hydroeen separated 
igniteB spontaneously on coming into contact with the air, forming 
irater And sitica. The formation of silicon hydride by the action 
of hydrochloric acid on magnesium Biiicide is perfectly akin to the 
fcnuation of phnsphurettod hydnigen by the action of hydrochloric 
uid on calcium phosphide, to the formation of hydrogen sulphide by 
the action of acids en many metallic sulphides, and to the formation 
of hydrocarboDG by thi; action of hydrochloric acid on white cast 
iron. On hpating silicon hydride— that is, on passing it through an 
■Bcandesceiit tube, it is decomposed into silicon and hydrogen, just like 
ihe hydi-ocarbons, hut the caustic alkalis, although without action 
en the latter, react with silicon hydride acconling to the e<)iiatian : 
8iH,+2KHO+H,0=SiK,03 + 4Hj. 

Silicon chlariJf, SiC!„ is obtained from amorphous anhydrous silic» 
(made by igniting the hydrate) mixed with charcoal,*' heated to a while 

fovdd (Chapter XV., Notes IT, IB). TIk gabguoa tonned, when tlimni into a tola- 
Hon of hfdiMUoii^ Hi'l. e'olTca tpanUimailj inflimniiible uiil impore liliBon hydride, 

fo iasO-«a WiUer uid Buff obtaiaed ui mlloj ol lilimn uid magncuum bj tbe 

■ad MjdiiUD chloride. The codinm then limnllBneouil]' ndocei the eilieoii ud 
MigBeBDm. 

Fried*]] tnd Lndenbur^ lubseqaently prepond silicon hydride in e pure ettte, ud 
■lio<nd tliel it ia not spontnneaiitly inSimmjLble in lir.kt bheordiDuy pieuure.bBttlul, 
tO» FH], ud like the miitiire prep«vd bj the ebeve melbodi. it euily t*ket Bre in 
tb nnder > loirer preeaora or "hen miml with hydrogen. Thry prepsred the pure 
componnd in the loUavin^ mumec: Wohler ihonol thit when dry hydrochloric uid 
gH ia pexed through a elii^tly belted tnbo contuBing lilieon it farme a very toUtils 
CeloraleM tiqBid.vhichfanieeitnHigLyiBur^ thia is i miTtare ot lUicon chloride, BiCI,, 
•ad tiKcnn chUmifann, SiHCl,, which correiponds with ordinuy lAlomlorm, CHCV 
nb BDitnra is easily tepuated by dialiltalian, beceDH eilican chloride boils at tT, and 
dUeea ddoI«tam> at se". Tlie lormalion ol the latter will be undetatoDd Irom ths 
•qaation Si-fSHa^Bj-f SiHCI,. It ii an anhydtoas iBltanunable liquid of epeeUle 
Crmvtijr l-S. It tones a tmnsition prodnct between SiH, and SiCl,, and may be obteioed 
Iran laieOD hydride by the action ol chlorine and SbCl.i, and ia itself also Iransfonned 
tate dieon chloride by the action ol chlorine. Gattermanii obtained SiHCl, by healbg 
tt* XBBSt oiAvned after the action (Note 4) of Hg upon SiOg, in a slream oF ehlorinv 
(lailh HCI) at abont JTD". Friedel and lAdeBbnrg, by aiHing on anhydroDe alcohol with 

iT* chkirolom, obtained an ethereal compoand having the compositioD 5iH(CX^H]^ 

IMi aUiec boOs at 1B6°, and when aeled on by ■odioin diicnpifDe silicon hydride, and 
t« conTotM into ethyl orthoeilicate, 8i(OC,H,),. according to the equation <SiH(OC,H Ja 
oEiBf^^SSiiacl,!),], (the eodium eeema to be unehanged), which ii eisctly liarilar 
I* Ihe decomposition o( the lower oiidea ot phaBphorna, with the (TolBtioa ol pbat- 
fhMWtad hydrogen. If we dengnale the gronp C,H,, contained io the silicon «lhen hj 
Bi, tbe parallel is fonnd to be eiael ; 

tPHO[0H)j-PHi*aPO(0Hlj; tSiH(OEi)j-Sia4*SBi(0El),. 
ajaorpboua ailica is mixed with atarch. dtipd, and then chaired by healing tba 
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heatinagtreacaof dry chlorine — that is.b; that generul method b; which 
nuuiy other chloranbydrideshavingacld properties are obtained. SUicoa 
chloride bpurided from free chlorine bydUtitlationovermetallicmercury. 
Free silicon torma the same subiitAnce whca treated with dry chlorine^ 
It is J, volatile colourless liquid, ivhich boils at 59° and hot a apeciSo 
gravity of 102. It fumes strongly in air, has a pungent amell, and is 
general haa the characteristic properties of the acid chloranhydridea. 
It ia completely decomposed by water, forming hydrochloric acid aod 
•ilicic acid, according to the equation ; SiC), + 4H,0=Si(0H), + 4HCL' 

forsnad In Cbapter St., NqIb IS, we saw Uiai etemeDta bk* Ailiooa diaflD^i^ man 
hnt uilh otjgen thin ■ith dUotine, ud thantore thoii oiygeo Aompanndi cuiui bs 
direcUj dKompoHd by ohleiiae. but ihaX thja cvi b« e9»led •hoa the lUBnitj d auboa 
fa oiygeu ii utiliisd (o sJd the hUod. When the mui obttdued by (be w^toB of Kg 
DpoD SiOt IB hMled to 1100° in a laiTaDl ol chlorine, it eeiil; tormi SiCl^ (OattonuDa) I 
beeidea which [no oLbec aunpoandi, comspoadiiig bo BiCI^, »n toimad, Uoulf : 
BigCl« which' boUi al 14$° uid ulidiSet al - 1°, ud Si^l,. vhich bc^ it abool Ua*. 
These HubiteJicei, which uiswer to ooTreapondiiig cvbon compoouda (.Cg H« uid C|BeJ, 
«t apoD water ud form oorreipaDdiiig oiygan compoDDdi; lor inilesca, BiiQcl-lB^ 
-(BiO|H]i,+ eHClgCTeaUieuu1ogiiDaloulk«id(CO^)g. This BUbtUDOo ia iuoloble 
Is walet, debompoeea under the actiou ot friction and heat with an eiploilon. and duiDU 
be called ntico-ozatti acid, SigHtO^ (sre latet, Note 11 ^i-)- 

' BiliooD chloride abowa a nmiUi behaTioor with alcohol, Tbii ii aocompaiiiad bj a 
verj characteriitio pbenomenon; on ponring lilicoa chloride into anhjdroaa aloohol a 
lOomADtary erolatioa of heat ia obaerriid, owing to a riuction ol doQbla dec«npDaitio&, 
but tbJs i« iausiidiiileli loUawed b; ■ powerful coeUag efleet, due to the disengagement 
of a large amount of hjdroohloria acid— that ii, there ia an abiori>tion of heat (rom Un 
tormalioQ of gaeeooi bTdroohlarie add. Tbii i* a rarj inatructira eiampla in Ibi* 
leapect i bere two proooeeoe occartiDg idnialtaseoiuij — one chemical and the otliw 
phyiicaJ— 4Te divided from each other bj time, tha latter proceaa ahowiog itulf by a 
diatiDct fall in leRiperatore. In the majority ot csiei the 1*0 pcoeeHci pnceed aimullk- 
uecnal J, and we only obaerve the diJIereoce between the heat derelopBd and abiorbed. In 
■cling on alcohol, lilicon chloride lomia ethyl orthoiiliwle, aiCI(+aB0C,H,«4BCI 
• Si[OC,Hi),. ThiaiubetuiiHboiliat iao°,aiidbaiagpeoiflegnTi^tr«4. Anolhsi uJt, 
ethyl metaaihcate, SiO(OC,Bi)i, i( al» formed b; the action of lillMD chloride on anby- 
II alcohol ; il mlatilisea aboTe 300°, baring a ap. gr. l-0§. It ii exceedingly intelMI- 



tagU 



d bollia 



i, the Or^t Dtlier correiponda lo the hydrate SilOHJt, orthauliB acid, and tlw 
■eoond to Uie hydrale SiO(OH)„ metaiilido acid. Ai the Datnra <J faydratea IMy 
be jadgod ttcia the «>mpoiition of aalta, u alao. with equal right, out atb&real mIM 
■erro the tame purpoM. The oooipcaitioa of an ethereal aall correqwodi with that 
of an add in which the hydrogea ia replaced by a hydrocarbon radide — for initanoe, by 
CgHi- And, Iherofon, il may be truly laid thai ihsre eiiit nt least the two Bilicic add* 
above menUooed. We ahall altarwaid* we that there an really aereraJ nch bydralei ; 
thai theae etheraal aalla Mtoally eonvapond with bydtate* of lilte* ia dearly abmm 
trom the lad that they are doeempoeod by water, and thai m moiit air tbey gin 
aloohol and tb* con«apandlDg bydnka, altbongh the hydrate which ii obtained in tha 
Teudiw alwaya oorrevonda with >.ia aeeond ethereal lalt only — that ia, it haa tha 
composition SI0(OH)i; thie torn eorre^onda alao to carbonic acid in ita ordinary lalla 
Thia hydrate it formed aa a Titreona maea when the ethyl ailicatoe aia erpoted lo air, 
owing lo the action of tlie atmoepberic mtdatDre on them. Ila •p«;Gd gravity ii ] TT. 

Sifteon bromide, SiBr,, *« well aa liliaon bnoioturm, SiHBrj, are rabetaniws eloaely 
nsimbling the chlorine cDinpoaDd* Id tbeir renciiunii, and Ibey are oblaiaed in iha mom 
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The most renwrkubte of the boloid eompouiids of ulicon is lilioot* 
Jhioride, SiF,- It is a gt&eona substance oul; liqueSed bj intAOse cold, 
— 100% kod u obtaiaed (Cluptar X[.) directly bj the Action of bydro- 
luoric acid od nlirasnd itscompoundi (SiOj + 4HF=2H,0 + SiF,), uid 
bIsd by heating Buorspar with wlica (2CaF, + 3SiOj=2C<iSiO,+SiFj).« 
In orrler to prepare silicon flaoride, sand or broken gluu is mixed with 
KD equal qiuQtitj by weight of^duorqiar sad 6 pu-Ls by wright of 
itrang (vlphnric acid, «nd the mixture is gently healed. It fumes 
Stivngly in air, reacting with the aqueous vapoara, although it is pro- 
duced from silica and hydrofluoric acid vitb the separation of water. 
It is erident that a reverse reactioo occurs here ; that 1^ to say, 
■Ui« «at«r reacts viih the silicon fluoride, but the reaction ia 
sot complete. Thi« phenoiueuon is similar to that which occun 
when water decomposea alnminiun) chloride, but at the same lime 
Jiydrochloric acid dissolves aluioiiitiDD hydroxide aiid forms the some 
alominium chloride. The relative amount of water present (together 
with the temperature) determines the limit and direction of the 
lesctioo. The faculty which silicon fluoride has of reacting with 
water is so great that it tolcca up the elements of water from many 
■nbatAikces — for instance, like sulphuric acid, it chars paper. Water 
disaolves about 300 volumes of this gas, but in this case it is not a 
eeaunon diasolation which takes place, but a reaction. During the first 
■btorptioo of silicon fluoride by water, silicic acid is separated in the 
form of a j^Hy, but a certain quantity of the silicon fluoride also 
mnaiiis in the liquid, because the bydroSaoric acid formed diuolvea 
ihe other part of the silica * and forma the so-called hydroJluotUieie 

I, SiHI], boili U (boat 110°, bM > «p«iflc trvrity al t-i, 
■■ nlicon chtantDTin, Hd is (onned. kogislbw silh lilimi iodtda, 
■Dd hf diiodic acid on h«ted (ilicoB. Sltiisn 
■ bIk] U Uu oriinuT taBpcnlim, Fmiiig >t Uwat 110° ; it nu^ be diilillad in 
a ibMao tX carbonic ■nh^dridB, but wily Uka fin in air, ud beh»M with water lad 
«tlMr n*c«t* jaii Like lilicoD chloride. It dut be obtund by ttia dirrd tclion nl tb* 
lapovrsf iodiMDabnU-dsilinin, Bcocm (tS91) kIh obtained SiCljl (boili ■! IIS"), 
UCMt (1^>°)< ud B'CIIj (»0°), u>d tbe mTTapoDding bromiM companndt All Uw 
hakcen cotDpoands at 3i us a[«b<e ot kbaorbiag BMEj wn) more. Baiidai irluch 
Bums obuiud SiSCI, by hwiiug Si io tbi npoor al rhloiid* of lalphati thit 
MDpoond Dulti tl -H", boili (t ISS". iDd gitw villi nt« ths hydrito o( 8iO,, HCl, 

* ^ut pR^HTty of cftlciuD flaonde of ronrvrtins nlie« inlA % gmh abd a Titreooa fiKilda 
dig (4 alciDD Bliat* i> fnqamtly t4k« ndnoUc* ol in tba laboniory and is pnctim 
•• (rtw to niB«a lOiix. Tbe um* reKtifn i> employed tor prepuuig nlicon fluoridt 
«B ■ Inrica icnle is the muataclue ol bydnflDouUcic uid (we leqcien. 

* The tmoQiil of benl dereloped by tbe »lDlkia ot tiUcic nod. EiO,nH,0, in uiaeoB* 
^btAoatk add, cHPoBiO, incnun wiib the nu^tnde of c nod nomulJy cqub 
«t,aN ^hS nniln, wbcta ■ noM between 1 uid B- Howenr, wb*n < - 10 the m ' 
■Boml st-bMt is bf^oDai i 
(Hkiibmii). 
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acid: HsSiF6=SiF. + 2HF=SiH,Oa+6HF— 3H,0. That iatoany, 
a meUailiciti aoid, SiH,0„ in which O, ie replaced by F„. ThU 
view of the composition of hydrofiuosilicio acid at^j be admitted, 
because it forms a whole series of cry stall isable and well defined 
■alts. In general, the whole reaction of water on silicon fluoride nuij 
be expressed by the equation r SSiF, - 3H,0=8iO(OH)j + 2Sin,Fj. 
Hydrofluosilicic acid and silicic acid resemble each other as much, nad 
differ as mucti, is their chemical character as water and hydrofluoric 
acid. For this reason silicic acid is a feebler acid than faydrofluasilide 
acid, and in addition to this the former is insoluble, and the hitter 
soluble, in water.'" Hydrofluoailicic acid is also formed if silicic acid 
be dissolved in a solution of hydrofluoric acid. It is incapable ot 
volatilising without decomposition, and on heating the concentrated 
acid silicon fluoride is evolved, leaving an aqueous solution of hydro- 
fluoric ocfd. This is the reason why solutions of hydrofluositicie acid 
corrode glass. This decomposition may be further accelerated by the 
addition of sulphuric acid, or even of other acids. Hydrofluoailicic acid, 
when acting on potassium and barium saltc, gives precipitates, becanae 
tlie salta of these metals are but sparingly soluble in water: thna 
2KX4-H,SiFt,=SHX + Ei8iFc. The potassium salt is obtained in 

>' In mlilj. howavsr, it •rould •md Uut Ihs nulion ii •till mora eompl«i, becants 
ths kqasoiu udatioa o) cUhmd Snoridi dM* not field a hrdnts ol (iUn, but ■ Ban- 
hfdtmta (SoUS}, Si)0)(OH]F, oonupondiug to lbs (prto) bjdnU 8i,O,|0Q),. cquiJ lo 
BiO(OE](8iO|, so tbtl tha nantion ot lilkon DaoridB on ntcr in npmud hj the rqtii- 
tion ; SSiF, * tR/3 - SBiH^, 4- 8igO,(OH)F * EF. BomTur, Benelioa itito thii Dm 
hTdnte, wbsn nil nuhed tnUmlar.conUiiu no SaoTlns, irhish ii prolvbly due to the 
ful tlut u oinMW ot nter desomposn Bi^(OH)P, forming hidtoflnorio uid ud Ihs 
oomponnd 81,0,(0H),. Wtter ulnntsd Kith liliDai) floorid* dlMngigsi lilicon nDorida 
nnd hjdrDflnorfo udd when treated with by drocUoric vjid, tbe gvlfrtinoot pracipitAte being 
(dnnlUBeaiuly diuolied. It mxj be taiihtt ismuked tbat bjdraflnoHliino uid hu beao 
freqnentlj Tegudedu SiO^OHF, bsouue il ii formed b; tha aDlatioo ol oUain bjrdro 
BaorJc uid, bol oalj two of theie ai hjdmgQO* an rtfJiMd bj maUl i , On ooncmtrb 
lion, ■olniioni of th* uid bsgio lo deoompoae when tber nwih ■ atawiglli ot tBfi 
pec B^IF^ and tberelora the acid nuj be ragudad aa 8i{OU)„tHfO,aBF, bnl the ear- 
TeepoDdiDK wlta nmtaiu leaa water, wd than aM atea aAbydrwu ulti, B,SiFk ea tbM 
Uie aoid itaelf ii uMt liinpl j rvpreaaoted aa H,8iFi, 

- U gaaeoiu aOlMn fluorid* b* fntti directly into water, the gaa.ooDdtiiMing tube be- 
eomei Dleggadwitb thepredpitolcd lilldsKid. Tbia iabeet prerentad byinunming tbt 
•nd of the toba ondar maicttiT, lUid (ban pouring water o>er the meKmrj ; the ailioon 
dnorida then paaaea throngh the mercarj. aod Dii1|r oomee into contact with the water at 
ooniequenUj tha gu-coDdDcting tabs remain* nnobetracted. The liliaia 
asid tbna obtijiied looa ertUsi, and ■ tsIovlaM tolDtion with a pleaaajit bat diaiincU} 
uid Uals iaprocnred- 

MacMntnah, bj laloog » p.e. ol hjdioHaDHo acid, obaHted that in the coona ol an 
hoar ita acticn on opal attained TT p-o- ol the poaaibia, and did not etcccd 1) p.c of <M 
poatibla aotion on quarts daring Iha eune lime. Tbu ahowa tha diflerenoe id tha 
MnetBra ot Hiaae two modidcUioBS ot tilica. wtuoh will b« nun fnUj daaoribed in th* 
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tli« form of very fine octahedra, but the precipitate does not Eomi 
quickly, and at first appears as a jelly. NevertheleEs, the decomposi- 
tion is complete, and it ia takea advantage of for obtaiaiug their corre- 
sponding acids from salts of potassium.'" ^'^ 

Silicon, having co much in common with carbon, is alao able to 
MDibine with it in the proportion given b; die law of sabatitotioDi 
that is, it fonDH a carbide of silicon CSi, called carborun4um aiul 
obtained by MiibUiBUser ond Acbeson in the United Slates, and by 
Moissan in France (1691), and others, by reducing silica with carbon in 
the electrical furnace at a temperature of about 2500" ", t.«. by the 
action of aa electrical .current upon a mixture of carbon and 8iO, 
with NaCl. After treating the reeulta&t mass with acids and washing 
with water, carborundum is obtained in transparent, lustrous gnina 
of a greenish color, possessing great hardness (greater than corundum) 
i^ld therefore used for polisbing the hsrdeat kinda of steel and stones. 
The ipeicific gravity is about 3-1. Carborundum does not alter at « 
red heat, does not burn, and apparently approaches the diamond ia 
it* properties. (Moissan obtained, 1694, a similar very hard aoin< 
pound for boron, B^C, sp. gr. 2*5.) 

According to the principle of substitution, if silicon fomi St&4, 
a series of hydrates, or bydroxyl derivatirea, ought to exist 
corresponding to it. The first hydrate of an alcoholic character 
ought to have the composition BiH](OH) ; the second hydrate 
8iH,(0H), ; the third, SiH(OH)j ; 'i w> and the last, Si(OH),. The 

K *>• Hh lodllim ull it 1*1 mors Kdabla is mOar, uid ciyiUlUHa in tba twucnul 
Ijatem. The nuianMiiliB kIi, HgaiF* ud caJdom aJt ua wlabla in nler. Tti* 
■■lu ol hjdroSDOfiUcic add nxj ba obUiMd not aai] b; Ika ■ctioii of itta Kid on Imiw 
or bj donble deoompotitiono, bnt alio by tha ao4i« of bjdjodaade add on i Batall i e 
ailicatc*. Snlphane icid denvaplMM thau, ■itii arolDCioD of bjrdtallaana acid and 
■Uoon flaende. aod tba lalli whan haUed avoln nlioaD Bnotide, Iwins ■ toldiia el 
neUllie aaorida, I^F,. 

>■ 8k NoLa 4 bii. Pmbablf echauBnbHgar had alnndf obUinad CSi in bis 
rtufarrhfa tofteth^r with fiihei mlicon oompoiuidfi. An aznorpbova, laaa hard oomj/tnaai 
of tha Bama tHoj ii also obtained togeLb^ «itb Iho hard crjmlallain CSL 

tl>^ Tha toUowingconiidajatJoaisTaryupportantmaJ p lai iiin gibaBatttroolftolpw^ 
hfdralea which are loiinFa Idi ulicon. U us suppoaa waUi to ba Ulmn op tnoB Iha ftnl 
hTdnlea (just u fotmic acid ia CH(OH)„ niniii nter), *e thaU obtain Uia nrioiu 
lovar hjdralaH cort^spoDding with aihcon bjdrida. Whan ignjlod they -^"*"*'*. lika 
phoa[Ahoioni and bjpophosphorona acida. diaatfaga feLUc»D hjdrida, and leave a reaidiM 
tl sDiea behind— i.r, at ilia oxide cocreapanding to the liigheit bjdnta — jut ai BiKanic 
fajdfatea (lor aiaoiple, [oimic acid rilti an alkali) loru carboou: uUijdride u the higbaat 
CiiJiau eoapoond. Soch imperfect hTdratca of ■tbaia, or. mora oorrectJj a pa i Hn g, td 
sQiWB hydride, were Grat obtainad bj Wtadcr (18SS) and atoditd bj Oonlbet (IMS), aid 
*<n namud aflar Uieii charadciiatic ooloon. {SM Note S). 

• sbilc hjdnta of Uia eompodtioa 8iB(0Hj]. Il i* obUioed bj iIokIt 

looi of uliconeblorDlonn into aold vita: SiHCI,.fIH,0:°SiH(OH),+SHCL 

■ hf^aLa, like tba amcipoaiing hydnte of pboqihorat oi carbon, doea not 
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Inst ia a hjdrate of silica, because i< 
ie formed b; the a 



t equal to SiOj + 2HjO ; and it 
t silicon chloride, when all four 



atoms of chlorine are replaced hj four bydroxyl groups. It (3oe3 not, 
however, remain ia this state, but easily loses part of its water. 

Silica or silicic anhydndts, both ia the free state and in combioatiob 
with other oxides, enters iato the coinpositiou of most of the rocky 
formations of the earth's crust. These silicious compoiiuds are sub- 
stances varying somuvh in tbeir properties, crystalli no forms, and rela- 
tions to one another that they are comprised in a special branch of 
natural science (like the carbon compounds), and are treated of in 
works on mineralogy ; so that, in dealing with them further, we shall 
only give a short description of these various compounds. It is first 
of all necessary to turn to the description of siltca itself, especially as 
it is not unfrequently met with in nature ia a separate stAte, and often 
forms whole masses of rocky formations, called 'quartz.' In an anhy- 
drous condition silica appears in the greatest variety of natural forms— 
sometimes in well-fonned crystals, hexagonal prisma, terminated by 
hexagonal pynmids. If the crystals are colourless and transparent, 
they are called rock cry»tal. This is the purest form of silica. Pris- 
inatie crystals of rock crystal sometimes attain considerable siee, and 
as they are remarkable for their uncbangeability, grent hardness, and 
high index of refraction, they are used for ornaments, for seaUi 
makiug necklaces, Ac." Rock crystal coloured with organic matter in 

ramsla in Uua statu of hydratiOD, bat laeea a iHrtion ol iti walei. Tha catban hf drat* ot 
Ihie nalnre. CH(OH)^ Iomb mMr and loimu ronnio acid, CHO|OH)i liul llie •Uiam 
hj-dtale 1mm a Mill gnwUr proportion ol waler, aBiH(OH):, puiing with SHjO, and 
cocaeqamU; ISBVing 8i,H,0i. Tbli lubslanoo muit be an anliydride ; all tho hTdingai 
previoniily in the fmn of hydroijl hat been diaoDgngad. two nmaiiiiDg hidregen* being 
laltlrDID SiH,. TboQlhoiiiiDitar h7draIeiiil>o<rhiW,andhai tbaoomiiotilionSijH^ 
{Deul;). It may bo regaided aa the above white hTdrata +SiOr A r>Ua>i bfdnte, 
JtDovn u thryieone (aUiDoae), is Dbtainsd by the atlion of hTdroehloric acid na an alloj 
ol ailiinn and »Jciiuni ita oompnaition ta aboat SigHfO]. Hoat probably, howacar. 
chfTBeotio hai a more complei coiapo^tioii, and ataada ia the same relation to tbv hydrala 
8iB,(0H)j aa IcuwDe doea to the hjdnte 6iH(0BI], boatua tki) iirr lirapl j expreaaea 
the traioaitioo of the fixat oompowid into tha aeooDd with the loaa ol water. 
BiBifOH], - B| + H,0 - SiEUOHl). Vhna Utew loaei hjdnto an ignilrd witbont 
aeeiaa of air. tturat* daosopOMd into hTdrogm, ailiooa,and lilica-thal la. it ma; ba 
aoppoaad thai Qiaj fbrtn aiUooii hjdride (vbkh deeompoau into uUooa and hydrogeo) 
and alUoa (jait aa pboiptaoHKU and hjpophoaphaniu adda give phoaphoric acid and 
ldu»pbtuelt«d hrdrogBD). When igultid in air, Umj bam. larming til'uA Thej an 
nooa ot Ibem acted oo bj actdi, but when treated w<th alkalli Ibe; a'Alre hjdtogeii as! 
give ailicaleai lot ecam|jt, leocoDe: SlUtO] + IKHO - SSilCOi + U,0 • SR,. Tbay 
tavs no aaid propartlea. 

" Two modificattoaB of rock crystal are known. They ate v^rj eauly diatinguiihtl 
from each other by their relation to pcWi«ed tight; one rotateilbii plane of polaciaatioa 
to the right iLod the other to Ihi left — in the one tha henubedial luea are right and Id 
the other tbay are lalt; thiioppoailtf rotatory power la taken advantage of in tha eau- 
■bootlcn of poUiiaera. Bnt, with Ibia pbytioal dlSatanoa— whlcb ii uatoially dapulMt 



smCON AND THE OTHER F.LEMENTS OF THE FOUHTH GROUP 109 

contact with which it has been produced has a. brown or grey ieh coloar, 
&nd then bears the name of eaimgorm or imoky quarli. In this form it 
has the same uses as ro::k crystal, especially a« it isoften found in large 
masses. The same mineral, frequeotl; occars, coloured red or pick b; 
manganese or iron oxides, eapecially in aqaeoiis formations, and ib 
then known as amethyst. When finely coloured the ametbjat is used 
as a, precioDS stone, but amethysts most frequently occur as small 
crystals in the cavities formed in other rooty formations, and espe- 
cially in thosH formed in silica itself. A similar anhydrous silioi 
is often found in transparent non- crystal line masses, having th« 
same speci&c gravity as rock crystal itself (2*66). In this case it 
la called quarli.. Sometimes it forma completa rooky formalions, but 
more often penetrates or is interspersed through other rocky forraa- 
Uon*, together with other siticeaus compounds. Thus, in granite, 
quartz is mixed with felspar and similar substances. Sometimes the 
colouring of quartz is so considerable that it is hardly transparent in , 
thin sheets, but it is often found in transparent masses slightly coloured 
with various tints. The existence in nature of enormous masses of quartz 
proves that it resists the action of water. When water destroys rocky 
formations, the siliceous minerals which they contain are partly dis- 
solved and partly transformed into clay, &c. But the quartz remains 
untouched, in the form of grains in which it existed in the rocky 
formation ; sometimes, when crushed, it is carried an-ay by the water 
and deposited. This is the nature of sand. Naturally, sometimes 
other rocky substances which are not changed by water, or only 
slightly acted on by it, are found in sand ; bat as these latter arn more 
or leu changed by the continuous action of water, it is not unusual tOi 
fiitd sand which consists almost entirely of pure quartz. Common sand 
i* generally coloured yellow or reddish-brown by foreign mineral matt«r, 
oonsistijig principally of ferruginous minerals and clays. The purest 
or so-called quartz sand is, however, rarely found, and is recognised by 
the absence of colour, and also by the test that when shaken in water 
it does not form any turbidity ; this shows the abience of clay ; when 
fused with bases it forms a colourless glass, and on this account is a 
valuable miiterial for the manufacture of glass. Sands were formed at 
all periods of the earth's existence; the ancient ones, compressed by 
strata of more recent formation and permeated with various substanoes 
(deported from the infiltrating water), are sometimes solidified into 
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rock, called »and»Unu, composing, in lone places, whole moontAili 
chsins, and serviceable aa a most excellent buildin)^ materia!, on account 
of tlie alight change it undergow uoder the influence of atmoapherio 
agencies, and on account of the facility with which it may be wrou^t 
from rocky foniifttioQs into immeixe r^ularly-abaped fli^ — the latUr 
property ia due to the primary laminar structure of the sand formationa 
deposited, a« above- mentioned, by water. Many grindatooea utd whet- 
stones are made from such rooks. 

Perfectly pure anhydrous silica is not only known in the con- 
dition of rock crystal and quartz having a spocLfio gravity of 2-6, bat 
also in another special form, having other chemical and physical pro- 
perties. This variety of silica hsA a specific gravity of 23, and it 
formed by fusing rock crystal or heating silicic acid."i>'* Bilioie acid, 
when heated to a dull red heat, parts entirely with the Wkter tt 
contains, and leaves an exceedingly fine amorphous mass of silica (euilj 
levigated, bat difficult to mouten) ; it is characterised by inch exoesuro 
(liability that, when lightly blown on, a large mass of it rises into the 
«ir like a cloud of dust. A mass of anhydrous silica may be poured in 
this way from one vessel to another like a liquid, and like the latter it 
takes a hOrixoutal position in the vessel containing it." Anbydroos 
silica, like quart*, does not fuse in the heat of a furnace, but it fuses in 
the OKyhydri^n flame to a colourless glassy mass exactly similar to that 
formed in the same way from rock crystal. In this condition silica hM 
« specific gravity of 2 2.'"''' Both forms of sitioa ore insoloble In 

it a particalv nunvrml AnI taimd in B^-ru and known ka tridgr^itr- ll« ipaeiAe fimvi^ 
*t ud [arm of oryiWi DlHiij dutlngaiah it Inis rock erjMttl ; it* lurhim !• Uia nsM 
M tbmt of qurti— tint ii, ■lighU j bilow Ua( oI Uaa mbj aad diuBood. 

I' Thera u • diitincl riH of tempentnn (iboDi i°) «bxB ■motpboa* rilka n 
mDiitaoed with w&ler. B«ntBDs and tmj] dcobol alu (in ta obMrabIa riM of 
tempHatnre. Charooa] and aaod pr9 tlie lame rcoo]!, aJthoafk lo a Itaa artut, 

II sk Bjica al» eecm in naton la two madifioUaiia. Tb« ofal and bipdl 
{iDFnaorial euth) have a Gi)«ciflc grai-ilj of abool 3^, and ara eoopantivalx aaailr 
dolnbts In alkalii and bjdioflnoric acid. Chalcadonj and flint (liaUd qoHtaoi* 

Dligin, allboogh Mill eoDlaiuini; a ontun amonnt ol water, hare a tpaiiiac (rant; of M, 
and oomapoTid villi qurta in tha diMcnll; with which Ihc; diiaolvs. Thia fanra ol 
•OiFU aoiDftiinot permeUsi (be ceUoIoH of wood, forming one gl Iha ordinarr kinda al 
petiiflad wood. Thv mlm omj be eitraetad from it bit the aolion o( kjdnHimrio mM, 
and the oellnloaa rsmauii behind, whioh oleailj ehowi that lilioa in a Kdobl* fgna <*M 
■aqoell baa pennnatad into the cetU, where it ha* depontad (ha hfilnas. whiiib haa kd 
walB, and giian a lOica of ep. gr. O'S. Tba quartioH •taJasUtee loand ia earlaJB can* 
•re alM aTideally ol • aimilac aqDeane origin ; thair *p. gi. ia alaa *t A* ia7ilal« 
olametbjrit anfawiUB(ljl0luidaD)oagchBJcedoniei,udu Frtedaa aod SairaD (IBTt) 
(Atahwd oiT*taI> ol rook CTjetal bj healing nluble glaa* with an uoaa of brdnl* of 
■lica in a ala n d Taaaal, than ia no daab( bel that rock crrMal ilaatf ■• fonnsl id Ui^ 
-wst tnj Inin tha gelMinosa hrdnle. Chroailchofl obiaiaad it dimcU) bom lalBbls 
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ordinary acids, and even when the; are in the state of powder, 
klbalie in solutioa act very slowly and feebly on them ; rock cryaUl 
offers much greater resistance to the aetion of alkalis than the 
powder obtained by heating the hydrate. The latter is ()uito soluble, 
although but slowly, in hot alkaline solutions. This last property 
appertains in a greater degree to anhydrous silica having a .speoifio 
gravity of 2-2 thoii to that which has a specific gravity of 2*6. - Hydro- 
fluoric acid more easily transforms the (ornter into silicon Buoride than 
it does the latter. Both varieties of silica, when taken in the form o( 
powder, easily combine with bases, forming, on bemg foaed witb 
An alkali, a vitreous slag, which is a salt corresponding with silica. 
Glaas is such a salt, formed of alkalis and alkaline earthy bases ; if 
the glaSB does not contain any of the latter— that is, if only alkaliQa 
gluB be taken— a mass soluble in water is obtained. Id order to obtain 
such lolubU glati, potassium or sodium carbonates, or bettor a mixture 
of the two {fusion mixture), is fused with fine sand. A still better 
and further saturation of the alkalis with silica is eSected by^tbe action 
of alkaline solutions on the silicon hydrate met with in nature ; for 
instance, an alkaline solution is ofton made ose of to act on the so- 
called tripoti^ or collection of siliceous skeletons of the lowest micro- 
scopical infusoria, which Is sometimes found in considerable layers in 
the form of a sandy mass. Tripoli is used for polishing, not only on 
account of the oonsiderable hardness of the silica, but also because 
the microscopic bodies of the infusoria have a pointed shsfte, which, 
however, is not angular, so that they do not scratch metals like 
sand." The alkaline solutions of silica obtained by boiling tripoli with 
canstio soda under pressure contain various proportions of silica 
and alkali."^ In order that it may contain the greatest amonnt of 

riliak Thai thii hrdnle a sbls to tonn not onlj the Tuiit; luTlng the •paolBo gtmvitf 
.ft"! tml iJbo Ihfl morfl BtAblo mrutj^of sp. gT-2'0; md both okiat with a sua]] pro- 
portion of wnter ud la > pcrFeellj wihjidioai itata in nn unon^iu uid erjilMma 
ronn. AD thua tut* ure uprcaMd by rwDgiuuag liliw u dimgipboiu, ud thaii 
«soBft must b« looked for ia & differenoe in the degree of polymAiiB&tJoa. 

^* D^weiti of peifeotly white tripoU h^To been diacDrered noftr Baloom, tnd might 

Uhfa ^it^iiQQ nlutions^ sjLLDTatod with wHot Add kcovo ee fo7bfrle p^f^M, us pr^ 
pucd m ■ Isigje Kale for Iwhniul porposei b)> the ution of potMnam (oi aadjain) 
hydroiide in ft iteuQ boilei on tripoU ar ipfueonal earth, whioh GOQloiiu a Urge [vopor- 
tioD of UDOTphoiu tihc*. Alt BolatJDiie of the eUuhoe ulicates have on alkmhnAfevction, 
oud ore eieo decompoied by oubonie ooid. The; ue chieS; and h; the djwr, for th* 
•feme purpDiet fea sodium fe1iiniiiut«, and also for givLng h hordfLSet etid polish to etaoco 
feud other rementsp itod in gfinenl to SDhitsiices which matua liioe, A lump of djoLk 
■hon imDiened in BoInUe glSH, or baiter ilill when moistesed with a soliitioQ and 
^ftcTwordt washed Id vater (or beller in hydroflnosilieif acid, in order to bind togetbaf 
ihe (tm alkali and moke it insolnble), beoomes exoeediagli hard, Idsu its triabihty, 
i* reodeiod ooheiiT*, and caoDOl b« IcTigated io vatei. This InnafonnatloD ii 
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•ilica, silicic acid should be ftdded to tb« heated solution. Silicic 
Acid is formed by taking uiy soIuCioa containing Btliea and alkkli, 
and adding to it, b; degrees, soma acid — for instance, Bulphnrio 
or hydrochloric ; if the experiment be carried oa carefully and 
the solution be concentrated, the whole hums thickens to a jelly, 
due to the gektiaous form of thn lilieic aeid separated from the 
■alt by the action of the acid. The decoio position roay be expressed 
by the following equation; Si{0Na)j + 4HCl = 4NaCT + Si(OH)4 
The hydrate separated, Si(OH)„ eusity loses part of the water and 
forms a jelly, the whole mass gelatinising if the solatioa be strong 
enough." 

Neither of the two varieties of anhydrous silica, nor the variona 
natural gelaCiuous hydrates, are directly soluble in water. There is, 
however, a condition of silica known- which is soluble in wateri 

diu to Uia fact thAt Ifafl bydrtte ol nlioa pnaant Id ih« lolulioEi uiU BpoD Iba liiua^ 
fonniDg A etoDJ lOAUof calciuni liljute, whilst th« cajbonie acid prvrioutlj In com* 
bioitioD •rilb the lima enten into oombiniliaii with Iha alk^ tnd i> wtHliod kwtr lij 
th8ir.l«. 

') Th* iqiutian giTeo >boie doe* iwt opmi U 
place silica haa UiA (oonllj of forming compoandH 

main SiHftiQi is not nghll; dedaced, if ooa mty ■□ eiprSH oneHii. and, u uia Hcona 
pWv. siliaa. ciToa kerfiral hjdnUa- In couequooee of thti, Um hjdi«t« jirA^tAtad 
do« not KtniJl)' coBtiiii to high a pmpaitioa of wUat u Bi(OHl,, bat slmjri IMS. 
Tha iniolDbla geUtiunu hTdnts vhich Kpinto* out ia ibit (before, but Ml elur, 
haTing been dHedj to dluolve in a eolation of ■odiom cubonitc. When dried [n eir ite 
aoBpadlKin oomiKKuU wltb the atdinwr lelu ol ou-bonie uid— IbU it, SiH,Oh ai 
810(0H)). U gndukllj beetsd it loee* mtec lij dcfieee, ud. in eo doiag. pre* Tuioo* 
dfl^eee ot DombiDhliDD vilL it ^le exieteace of theee d^reoe of hjdntion, iuving the 
compoaitioa SiHgO^SiO^ oi,.in genenl. n8iO,mR)0. wbere m<:ii, mnit be reeogoiHd,'; 
beomae TDoet fuied degieee ol oomblDAtion of etliee vitfa beeee efv Icoon. ^M 
hjdniLe ol eilice. wben nol diied ebava S0°, bee e aoiiii»aition a! neerlj HfSijO) 
'i(H,Sib]),SiOi, but et 60° eanUini ■ greetui pcopartiOD of milioe— Uiet la, it loeee UiU 
idota •reter; uid et 100° B hydcete at tbt oomponlioB SiEgOiOSiOt, end et 190° • 
hydrelA beTiDg epproximetelj e oompontion SiH^O^TSiOf i* obtuoed- 

ThMe dtia iboii the cumpleiil; of the motecoUe of enbjdioaj eHioe. The bjdntM 
of lilice eeail; loie neter wd giie tlie hj^ieiee (BiO,).[S^)>, where « beeamea 
unellet end imenat thui n. In the nelml bjdnleg, ttaig decrement al vettt {noeat* 
tgoite coneecDtiTplj, and, » to uj. iinperceptiblj, nntQ it becomca inoompereblj greettf 
than tit, end whan the rttio becomai Tery luji', uihy dnnu ailke of (ha t*o inadilluIuNU 
ra end I-a » Db[einl^d. The compoaition (Bi(^),a,B,0 itiU cDCnapwda with l-> p.c. of 
vetct, end nelnrHl hjdntea often conluio atill leaa »aleT then thii. Xhui aoae 0|>ele 
eje known which contain oolr 1 p^. of water, whOat othen ooatain T a^ eren 10 p.« 
Aa the utifldaUy prepared gelotlnoni hjpdnle of iQjca when dried hae mali]r ol the 
prepcitica of natiTo opala. aod te thia hydrate alwaya loaea water tuOj lai eon- 
UnpiUIj, tbeie cu be do doabl that the tranailioa of (8iO,)a(B^) Inlo enhTdroae 
eiUok both emorphoDi aod cryalaUlao (in nalore. chalcedony), ia aowmpllahed (radneDjr. 
Thla cao only bo the case if the magniladc of n be «>tiiiderable, and thefetOle Oi* 
Bslecule of liliai b the hydrate Ii Dndonbledly complex, and henw the aBliydnDt 
eilica of ap. gr. 3*3 and frfl doea not coalaio SiO^, bat a cofDplei 
fa, the jtmclura of ailica ia polymeric and Domplex, and not dni[ 
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toluhle Hlica; and ailica is found in thia ttate in nature. Small 
quantities of Boluble ailioa are met vitb in all waters. Certain mineral 
springs, and especially hot springs— of which the best known are the 
Geysera of Iceland and those in the North American National Park 
(Yellowstone Viilley)^ontain a considerable amount of silica in boIu- 
tion. Such water, permeating the objects it meets with — for instance, 
wood— penetrates into them and deposits silica inside them, that is, 
traoaformi them into a petrified condition. Siliceous stalactites, 
and also many (if Dot all) forms of silica ar« formed by such vrater. 
The absorption of silica by plants by means of their roots, aod 
also by the lower organisms having siliceous bodies, is due also to 
tbsir nourishing themselves with the solutions containing silica 
continually formed in nature. Thus, in plants, in the straws of 
the grasses, in hard shave-grass, and especially in the knots ol 
bamboo and other straw-like plants, a considerable quantity of 
■ilica is deposited, which must previously have been absorbed by the 

Silicic acid is a colloid. The gelatinous silicon hydrat« i« ita 
bydroget, the soluble hydrate is the bydroaol (Chapter XII.) Both 
varieties may be easily obtntned from the alkaline silicates ami from 
vater-glass. The very same substances — that is, aqueous solutions of 
soluble glass and acid— taken in the same proportion, nay produce 
jEdther the gelatinous or the soluble silica, according to the way those 
solutions are mijied together. If the acid be added little by little to the 
alialiTie rilitate, with continuoas stirring, a moment arrives when the 
whole mass thickens to a jelly, hydrogel ; in thia case the aiKcie acid is 
formed in the midst of the alkaline solution and becomes insoluble. 
£Qt if the mixing be done in the reverse order — that is, if thesoluble 
igbss be added to the acid, or if a quantity of acid be rapidly poured into 
the solution of the salt— then the separatioix of the silica takes place 
in the midst of the acid liquid, and it la obtained in the form of the 
soluble hydrate, the bydroaol.'* 

" Tbe pnHoca ol u eicou of srid Aids th» TetaaUoB of t!ie lilic* Id ths Bolation, 
b«e*DBo Iho galKlinoOB «liu obtumd in tha abov« muuwr, but not heoLed to AO^-^ 

ing fedd thui in pnia water. Ttkii would Man to indiokta ft foeble tondeooj oF iiUca to 
eomblne with icida. tnd it might trta tuve boon inwgintd thai in nch ■ lolntion Ihs 
hydntte nf ailio is held in combinntion-lr mn >ihi> oI idd. bid Ortham not oblaiied 
■dIdUi nlirn pBifecU; free horn Kid, itid il than wers not lolationt ol uticft tita from 

■did maj beobUined Iroo uluhle glua diluted with wiMr. The loluLian, bditdea tiiio*, 
will BOBloin Bodinm chloride uid uiDIcemol the Mid taJceo. If this wIntiDDremun) lot 
•oms time expoaed to tha tir, oi in 4 doted tobkI, and uadtt wiaai other eondttloiu, 
iliafoDiid that, after a tinie, intoloble gBljttinone silica aeporalei out — that ia, (he aolabU 
torm ol siliee ia snatable, like the aolnbla lonn ol alamina. Tha anaJogoua toima at 
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The hydroaol of silica prepared bymixing an exee*s of hydrochloric 
acid with 0, solution of Eodium ^iticate, muy be freed from the admix- 
turea both of hydrochloric acid and salt, sodium chloride, 6y nMoiu o/ 
dialynit,''' as Graham showed (in 1861) ittenqoiring into the nalgra of 
colloids (Chapter I.), and making many other important chemical in- 
vestigations. The solution, containing the acid, salt, and silica, all 
dissolved in water, is poured into a dialjser — that is, a vessel with a 
porous diaphragm surrounded by water. Certain subfitances pass more 
easily through the diaphragm than others. This may be reprercnted 
thus : the passage through the diaphragm proceeds in both directions, 
and if the solutions on each side of the diaphragm be equally strong, 
there will be equal numbers of molecules of the solubla subsCaQoe 
passing into either side in a given time, some piuaing quickly and 
Others slowly. The metallic chlorides and hydrochloric acid belong to 
the series of crystalloids which easily yasa through a diaphragm, «nd 
therefore the hydrochloric acid and sodium chloride contained in the 
above-mentioned dialyaer pass from the solution through the diophmgto 
into the water of the external vessel with considerable rapidity. The 
aqueous solul ion of colloidal silica also penetrates through the d iaphragm, 
but very much more slowly. But if the amount of the substance 
dissolved is not equal on either side of the diaphragm, the wh<^ 
system strives to attain a state of equilibrium ; that is, the given 
Bubstance penetrates through the diaphragm from the side where it 
is in excess to the part where there is a smaller quantity of it. All sub- 
stoncea which are soluble in water have the faculty of penetrating 
through a membrane swollen in water, but the velocity of peoetration 
is not equal, and in this respect the dialyser separates substanoes tike 
asieve. The silica pusses less rapidly throagh the diaphragm than the 
soitinm chloride and hydrochloric acid, so that by repeatedly changing 
the external water it is easy to effect the eitractioo of the chlorins 
compounds from the dialyser, which will finally only contain a solution 
of dlica. This extraction (of HCI and NaCi) may be so complete that 
the liquid taken from the dialyser will not give any precipitate with • 
solntion of silver nitrate. Graham obtained in this way soluble sCica 
having a distinctly acid reaction, which, however, disappeared on Uie 
addition of a very minute quantity of alkali ; for ten part« of lilioa in 
thetolutionit was BufBcient to take one part of alkali in order to give tho 
'■pontad. mnS kept [gi • long panod al lUD* 




xnol^bdjc or tojigitic kddi 11U7 be fasMtBd, 

laitboBl tliB KilnbU totiB being uoni aned into Uia Uuoloti 
" Sm CUpUi I.. Note IS. i •olntioo of wkter-glu* 
' m paored into Uw diklTHT. and Uu oatu imi 
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liqaid ua alkaline reacCtoo, so slightly enei^etic are the odd propertiM 
ol Bilicic acid. The solution of silica obtained bj this method' become* 
geUtinous on standing, on being heated, or on evaporation ander the 
receiver of an air-pump, ict:. The bydroaol is transfonned into the 
by drogel, the soloble hydrate into the gelatinous. 

Thus in addition to the gelntinoua form of the silicic acid, there 
exists also a variety of this substance, soluble in wat«r, as is the case 
with alumina. Such variation iu properties and exactly the same rela- 
tions with regard to water cborocteriie an immense series of other 
substances having a great sigoificaoce in nature. The namber of such 
substances is especially great among organic compounds, and par- 
ticalorly iu those classes of them which conipo&e the principal material 
of the bodies of animals and plants. It is sufficient to mention, for 
instance, thu gelatin which is familiar to all as carpenter's and other 
glues, and in tbe form of size and jelly. The same substance is also 
known in the solution which is used to join objects together, la a 
pecoliar insoluble condition it eaters into the composition of hides and 
bones. These various forms of gelatin diSer in the same way as tha 
different varieties of silica. The property of forming a jelly is exactly 
the same as in siUco, and the adhesiveness of the solutions of both sub- 
stances is identicaj ) soluble silica adheres like a solution of gelatin. 
The same properties are again shown fay starch, rosin, and albumin, 
and by a series of similar substances. The diaphragms used in dia- 
lysis are also insoluble, gelatinous, forms of colloids. The bodies of 
animals and plants consist largely o£ similar matter, insoluble. in water, 
corresponding witU the gelatinous or insoluble silicon hydrate or with 
gloft The albumin which coagulates when eggs are boiled is a typical 
b>nn of the gelatinous condition of such substances in the body. 
These slight indications are sufficient in order to show how great is 
the significance of those transformations which ore so well marked 
in dlica. The facts discovered by Gra/iam in 1861-1864 comprise tlie 
most essential acquisitions in the general association of these pheno- 
mena of nature in the history of organic forms. The facility of transit 
from hydrogel to hydrosol is the first condition of the possibility of 
the development of crgaoisms. The blood contains hydrosols, and the 
hydrogels of the same substances are contained in the muscles and tis- 
sues, and especially on the surface, of the body. All tissnes ore formed 
from the blood, and in that case the hydrosols ore converted into hydro- 
gels." The absence of crystallisation, the property, apparently under 
the inSueoce of feeble agencies, o^passing from the soluble condition to 
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the insolable, to the gelattnoua condition of the hjdrogel, cooititiite 
the fnadaioental properties of all colloids, " 

Silica, as regards its salt forming propertiet, stands in the Mries 
of OKides OD the bouixdary line ou the aide of the acide in just lueh n 
place OS aiumina occupies on the side of the bases — that is, olumininm 
hydroxide is the representative of the feeblest bases and silicic acid 
is the least enei;getic ol acids (at least in the presence of water — that 
is, in aqueous solutions) ; in alumioa, however, the baeio properties 
are distinctly expressed, while in silica the acid properties preponderate. 
Like all feeble acid oxides it is capnble of forming, with other acida, 
saline compounds which ore but slightly stable and are very easilj 
decomposed in the presence of water. Theohietpecoliaritjof the silicates 
consists in the number of their types. The salts formed with nitric or 
milphuric Hcid exist in one, two, and three toterablf stivble forms, bat 
for acids like silicic acid the number of forms is very great, almost 
nnltmitfld. The natural silicates in particular furnish proof of this 
fut ; they contain various bases in combination with silica, and for 
one and the same base there often exist various degrees of combiDation. 
As feeble bases are capable of forming basic salts in addition to normal 
salts— that is, a compound of a normal salt with a feeble base (either 
the hydroxide or the oiide) — so the feeble acid oxides (although 
not all) form, in addition to normal salts, highly acid salts — that ia, 
normal salts pltu acid (hydrate or anhydride). Such acida are boric, 
phosphoric, molybdic, chromic, and especially silicic, acid. 

In order to explain these relations it is necessary fimt to recoUeot 
the existence of the various hydrates of silica, or silicic acids,'" and then 

the Hlntions tram Hit lecTea mi atemi peoetnte iolo t)u noU ud othR- pall* in 111* 
forra of hTdrosolf, whan Uwy u« coDTeitad into hjdrogria — thAt u, into M ioiolablfi form, 
wluoh Lj aot«d on vitfa difficnltj uid ■■ flOAilj kept oiultared ontil llu patiod of gioirUi 
— IbTUMDpIe, gntU IhetoUoving ipnng- wfaeDUiayania-eoDTartfd into hrdroioU, utd 
tha iMolnbla inbiUnoa n-mtati iolo the up, uid larvea a* a Ksm* ot lb* bjdngeli io 
lb* Imth uid other poiiiou of pUntt. 

'* &j regard) their ehemkal compatitioD the ooIliricU aro nrj mnplei— that ia. thaj 
hiTe a bigh foolBoolai wel^t and a laijc moleonhv ralnm*— in coueqaoncs ol which they 
do not panetnln tbrangh Biembmie*, ud an eaailr aobject to luiation in their phruoal 
and chemical prDpertlu (oWSng Io their complex •tmotnre and patfmeriam ?) Tbcj bars 
bat littl* ebemioal eD«^, and nre general)]' feeble actlda. if belonginti to Iba order of 
Dlidei a( bydratea, anch u the hjdnlei of moljbdie and luigiliD adda (Chapter XXL). 
Sol noir the noiDbet of iuhiUB«i> capable, like colloidt, of psHiog into aqneDui nlDliona 
and al aaailT aapanliog out from them, aa veil ae o( appearing in an iiiaolnble fonii, mail 
be aupplamatded bj Taiiona other anbitnnoei, among which lolnbla gold and aQrw 
(ChaplMSU7.)anof paitionlir inlareal. So thai now it maybe (aid that the capadlj 
ot lonolng eolloid aolutioae it not limited to a defiaile claia ot compoutda. bnl ia. if noi 
a general, at all erenta, aa oueadingly widely diatributed pheaome&oo. 

~ Tliu ia In tccoldaae* with the gcDeraUj-Icc«pted rtpretenUtion of tin 
betwnen aalte and the hydrate* gt adda. bat it ii of little help in the atndf ot 
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to turn oar Attention to the similarity between silicoti eontpounda And 
metallic allo_v&. tiilica is an oxide liAving the appe&ranc« of, and in 
m«oy respects tlie $ame properties as, those oxiiles which oombiiiewith 
it. and if two metals are capable of forming homogeneous alloys in 
which there exiit definite or indetinite compounds, it is permissible to 
■usuiue a similar power of forming alloys in the case of analogous oxide* 
8ucti alloj'B Hrc found in indefinite, amorphous masses in the form of 
gluaa, lava, nkgE, and a. number of similar siliceous compounds which 
do not contain an; definite types of combination, but nevertheless are 
homogeneous throughout their mass Bj slow cooling, or under other 
ciroumstancea, doGnite crystalline compounds may — and sometimes do 
—ceparate from this homogeneous mass, as alio sometimes definite 
crystnllinii alloys separate fi%m metallic alloys 

The formation of crystalline rocks in nature is partly of such a 
nature. Oy oiiueoua or igneous agency, but in any cose in a liquid 
condition, those oxides which form the earth's crust and her crystallioe 
minerals auno into mutual oontact. First of all they formed a abapS' 
less Dioss, of which tava, gloss, slags and solutions are examplea, but 
little by littl^ or elw suddenly, some definite cooipoundB of certain 
osides existing in this alloy or in the shapeless mass were fornied. This 

compDundi Gomnlll tponliim, It b«oiii»« newHuy U> eiplun the ptupBrtj at 
(8iO|)« Id coiDbkn* with IHOfn, »1id» h uiaj Iw fnattir than tit. uid laharfl R maj b* 
H^Ca, Ao. Kan ■■ in wilnd by Uwh IuU vbich Iu,t» b«B muIbbiI b]' lb* bv»tjga- 
tiotl «f ovbon wm^undj. etpecisJly withfttpoot logljoot. Glycol lis compound hki^pjf 
lb< oaapoijtiDii CgBgO,. sdI; lUOonnti troDi ileobol, C,BiO, bj sn tiltAmUm ntojjgm 
TUtm bjilniW coQlaim Iwo bydroijl groopt. tvbiob m«j b» tqccflasively rvplsoad bjr 
dilorinmAe. Bimog ifag oompMitiaii oE glycol >hDuM bg KprnentHl u C|U.(OU),. . 
It hM bvTD louiid that eIjfcoJ form* to-o^Uf^ poljgljoolbr Their cngin wSU b« nodAT 
n«>4 - Iron tba hrt Uwl glyool M ■ bydnita hu ■ nirapoadlng unbydridD at lbs 
•ompuilliaD CfH^O, knnwa u etbrleDi oiidn. Thii iiibitan« ii sUuni, C,Hs, in vhiah 
two faydngmii kn npUcad ,bj one atom ol oijgtn. Ethjlstm oild« is not Iha onlj 
uhjdridaotglTalLiiUiHgh it itlhsumpleM t>Ba.b«uiHC|H,0 - C,H,IOH), - H,0. 
Vuiou* ollior uibydndsa of glfHil ire po«iUe. luid hsTe uludl; baon obUinad, ol tba 
CBmpuiUicHi nCHilOHl, - !•• - l|B,0 - IC^,),0. -,(OH),. Tbem iinpcrract uhy 
diidM ol sljreol. or polyeltcel^ (bill cmtuo bydmyl* like glisol ilaelf. nnd tfaenfora 
■I* of w eleoboUa ehsncUt is tbe wme hdh u gljcol IIhU. Tber ue obia.nvd bj 
wiooi DWliiodt, Audi unongit othen, by th4 diroci ootabiuBllaa of ethylene oiide with 
■1yeDl.b*«aaMCtBi<0B)i* (n -1)C^0- (Cia,).0.-ilOBl,. Thaoian impartut 
e^mmituieo, freiu a Ifaaorelical point of ritv, ia that Ihaas polygljeola may be diaEilled 
witboBt BBdetgoing deconpodtiiiB, uid that the general lonnnla giTSa abate atpnaiei 
Ihcueclml molecular compiKltkia. Henna we have hBieadiiect coiobiiiatian oftbeaiihy- 
drida with lbs hydnlfl, tod. morconr.arvpntsil one. The (onsnls A.B,0 may be need 
to uprsu the oomponUon oF glycol and polyglyoola wilh rapect to alhyleue cnida id tha 
Boil aimpla BaoDat, iF A aluJ {« ethylna oiida. When n - I we bare glycol, when 
•• u grealw than I a poIyglyiKd. Such alaa ii the ralatiouthip ot the aalu al h/drata of 

Snrh a r^tnsetstioti ol tha ptltiiUcic ocidl oorraapondi with ths tsptsunlallon of the 
polyncriaiD otallica. Launnt uippoaad tha aiinencaof aeTerml pelymanc fofiaa,&i^^ 
8l|Oi, ie., bojdaa alUBS. BiOi| 
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is entirely similar to two metals fomiing a hom(^neoui alio)'," adA 
under known circumstances (for instAnce, od cooling the alloy, or itt 
the case of aqueous solution wbea the two metals are simultaneously 
liberated fruu the solution), definite crystalline compounds are 
separated- lu any case there is no doubt that there is less distinc- 
tion between silica and botes, than between bases and luch anhydrideft 
OS, for instance, sulphuric or nitric, or even carbonic, as is teen ou 
comparing the physical aud chemical properties of silica aud variona 
kinds of oxides. Alumina, especially, is exceeding!; near akin to 

*■ For ni tb* Uttw hits not ■ ulioa cbmctcr. oaty b«auH they ue not ngudcd 
from llu< point a( ricw,bQtui alloy of lodiamuidxinc it. in & brofed hd»«, &idjliiin*iij'' 
ot ita TMctioTii, for it is subject to Itu «una dooble decompotiiioot kt K>dium phoHph^ 
i» Bulptudfr, which oluTly TuTd ■oJiuv propartiH- Tbe letter {BOdlom phcvphiila^, wbon 
btatod vilh (Ihjl iodids, farm* olh^l phoapbitU, ud (be fonner— i.r. tbe ullaj' of tins 
•ad nodiBin— giies lino ethjl : Ihil i*, the elemeDt (P, 9, Zn) which Km united ititli th* 
•odiom piuet into wiiibiuliai) with the eUijI : RH* 4 Gil ' R£t -t Nal, By eoo- 
bisicg ■odinin lueoosairely with fhlfTine, sulphnr, phoiphorus, mvaio, uitinony, tin, 
Uld tlDO,we obtitin labitancu having leiaud Ten the ordiury ippevuHM ol *>lu,bat 
if thesllojof ftodioD«nd tini^cumot ba lenoed % ■alt,then pflrbapeihii nune eannot b* 
given 'to bodium lulphida^ luid thecompoundB of lodiuiu with pheephomL The fellowioff 
cirooDutuice mejftito be observed: wilij chlorinet Kdiumgiveft only ona campmtnd (witb 
lajgBB. U the moit three), with lulpkur five, with phMpboiDi probibli iliU more, with 
uitimony luturally «till more, and the moTB atulogoofl lui elemeDt ti to todiom, the mor* 
Tkriad ue th« propoTlioni in wblch it ii able to cambioe with it. the lee* en thealteim- 
tloDi io tbe pcoperticg which take plice bj ihi> comhindtoB, ud the attria iota Urn 
compound lormed eppTonch to the gLkm of compoundi known ai indefiiule i->i*«iii-*t 
lompoundL la thia udh » iiliceoiu *Soj, cantuniog lilioe tai oihu uidi, ii > 
nti. The oiido la a c«n*la eilenl pUji.Ihe •juno part u the Kidiiuo, whiUI the lilin 
pliL/i the part af ibo acid elcoienl which wu tilmn ap incceHiirelj by line, phsephonii, 
■Dlphor, &c^ is tbe ebove eijuuples. Soch e coiDpahuQ of tbfl silica oomponiide with 
allayg prstenti tbe gtent adruloge of including uadrr one caltgoiy Ihs deflsile and 
indefinite eilica coiapanndft which are ao analogona in compoiitioo'— that la, bring! 
nnder, one head each rrjitiUlina anbatancea aa certain mioerala, and aofh amorphana 
anbitancaa ai are frequently met with in natoie, and an artitlciiilly pceDUBd. aa glaaa, 
alaga, mamela, 4c. 

U th* ciim|»UDda of ailicaaraiiibalaaeaalike tbe meUlUe•lloT^ ttieD[l)tha chemical 
anion between tbe oiidca ol which they are coupuaed maal be a fv ebla ona, aa it ia la ^ 
compound* formod between analogona aubatancefl. lu reality anch feeble agenciaa aa 
Hater and carbonic add a» able, altboDgh ilowlf , to act on and daatmy tba najarity 
of the complex aDica oompounda in rocka, aa we mw in the preceding chapter; (fl) 
tikeir fbrmation, like that of alloy*, ahonJd not be accompanied by a oonaJderabU 
allacation ol Tolome ; and thit ia actually tlie caae. For Btampta, telipai baa a apeciAo 
grarity of about 1-0, and tharelere, taking itacompoiilian tobe EiO,Jll,Os,ASi0^waaad 
ita Toluma, coReaponding with thi* lonanla, to ba we-e S-S -911, the Tolnma ol K^ - tt, 
of AlgOi'Se, and cd SiOi-31|-6. Beooe the aom of the volumea of the somponoit 
aiides, U + Id -fd'lS'S-tM, which la Tory nevlyeqaal to tbal ol th* telapar; that ia, 
a alight eipaniion, and Dot by contraction, aa ia Iha caaa IB 
determined by atifuig *IBnih»t ar^ 

So alao the tpecidc gravity ol (l*a* 

which enlvr into ita nnopDaition. It 

1 to ba.nct i-SG.bat a^ lUtolam* 

■that ia, greater thafl th 
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ita lormation i 

th* majority of other 

acDompliahed, In the ca*o in qoeation the i 

■Dd alloya— thai ia, aa in (van* of leeble affl 

ia direoUy dependent on the amcnnt of thoa 

fu tbe preceding example we take the ap. gr* 

— tT't, and Uu asm ol lb* velonua ariU be — 311— t 
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•ilica ; nfit Only in the hjdraled state, but liao in tbe aahydroos 
condition, there exiata n certain similaiity between the cr; cl*Uine forma 
of aluiuina and silica, in the uiicoinbiiied state. Both are very hard, 
transparent, inactive, non-volatile, infusible, and cryhtalliee in the 
hexagonal system— in a wont, they are remarltably similar, and for this 
reason they are capable, like two kindred metals, of entering into maoj 
different degrees of combination. I eomorphous mixtures — that is, differ- 
ing by the substitution of oxides akin both in their physical and chemicil 
characters— are very frequently met with among miuerals, and the 
stady of the latter gave the principal impetus to the study of iso- 
morpbism. Thus, la a whole series i>t minerals, liiue and magnesia ara 
found iu variable and ialercbaiigetible proportions. Kxactly the same 
may be said of potassium and sodium, of alumina and ferric oxide^ 
of mauguuous, fen^us, magnesium oxides, ilic. Suuh iMmorphism 
does not, however, extend without change of form and properties 
beyond certain rather narrow limits." What I mean by this is that 

>* II ii, tunraver, fuy u uniK'n*!, uJ «p«ii«iioo cocSnni the lappasiliaa, thj>t ink 
complfi uliocDDs coniwund nDtaiiiing tor Inatunca lodimD ud cikJciain.Uio whole ol Uw 

br iiujiieiiiun, btdiatB Uian tba ■nbeUlnliDD of pvluainin For the KdiiuB will t>radau a 
flhBnire m the ii«tarp of the Bobvlauofl ooDtnr; to tfaftt which will ocear troto the cdciom. 
taaing rayUced hj magoetiojn, Tfait inoieftio id wei^lit^ dec»ABe in deOHity. iitcmafl ot 

•pe&k, be c<iiDpeii«At«(l bj ttie eichun^ of ciLl^iiun for nu^nwom. becuiBe both in 
migbl >ni) in prDpenin the eum ot Na + Ct ia very oeu lo tlia >am of Ki-Ug. 
FfnxiHf or augiu eui ba liken u u eumple ; iti cotnpoaitioa mtf be ixpreited bf 
the tormoU CiLUi!8i]0, ; thkC it, it correipondi with Iha uld EI,SiO} { it it ■ bimUcala, 
In muij reipecl* it tlD»1; TaaemblM uioUiar tpinani caJlad 'ipoduvtene' [they u» 
both moiuKliDi«k ^Tbii Uttec hu the oompo^tion LoAAlaSiisOu. On rednaog liotfa' 
tonnnls to ui fqiuj oonlmts of ulia the foUowiiig dittiDctioD. will be obwiried betwcea' 
Ibem: .•podmmse <ti,0),{Al,0,),)WSiO, ; u^ta (CiLO)i,(>IgO),t9aSiO^ Thst ii. Ott 
liflanms bttwvan Ibrai eooiiita in the mm olthe ■"■g"**'* *"** lime (UgOln-f (C&0)it 
nplaoiiig (b« nm ot the Uthinm oiida ud Kluniinft (lii,0),-f (Xl,0])g; ind in Ihs 

holli in tatnia of oSdstion ud in eneigy (u buetl, in all nipecls occop; a poaitioB 
iDlanMdiale between lithiom tad alomiiuiim. ud thersfore tbe enm ot the first but be 
npU»d by tha nun ot the iseond. 

If we lake the eompoiiiioB of spadatDane, ai it ia often repreKnled to b«, 
Ii^.Al^,,«SiO^ the consaponding formok of aagila will be (CaO)^<llgO)h(SiO|, 
«d>lKlbeaiiioontofoi7ganisihaanmDtU,OAl,OjinllbetheHmeuiii(CaO)](UgO),, 
I nu; remark, lor UiB uko of deaneai. tbal HtluDEi belongs to the fint, tlominium bo Iba 
third gimp, and a^iam and HuigDeuuni to the inteimedialflaemBd^ronp; lilLium, liks 
calcium, belongi t^ the even aeriea, and magneaiun and alaodDiiun to the unevan. 

The repT«*entation of Ud inbttitutiona of aflalogDUa compoiuida bare introdiufld waa 
firrl dadnced bj me in ISSS. It finds much Eonflnnatioa in facta wbicb haTe baen aulk- 
aaqsentlr dia«>Tered— for aiample. with mpsat to loDnDalin. Wtilflng (181I8|. on the 
1n»ia of a nnmlKr of anal jvaa feapocialiy ot tboae b j B^jgs«), atatcH that all vatietJaB con- 
tain an isomcrpluna mixture hi( alkali and nugnaa'a tounbalin; into the ^compou- 
lion of tha lormai tbete eDttn 13Si0^3B^j,BA],O,,lNa^,lH^, ■ ' ~ ~ ~ 
U8iO,^B^EAI(0|,UHg04B|0. Oow* it it uw tlu 
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at aK-itys replaced totally, but often only in smukl) quantitiM, 
by iniignesia, or by the manganous and ferrous oxidet, without ch&n|[tng 
tliecrystallineforin. The same may be observeit witli rftgard to potassium 
and Ulhium. which may be m part, but not completely, replaced by 
sodium On the total aubatitution of one cnetul for another, oft«n 
(although iinl invuHably) the entire nature of t ho subslAnce is changed : 
for instance, 'tulaCiU (or brondte) ia a magneniuni bisiticnte with a 
small i£omor[)lious sulntitution of calcium for mugnf^uuni , its com- 
position IS expressed by the formula MgSiO], it belongs to the rhombio 
system. On the entire substitution of calcium, leoUaalonite, CaSiO,, 
of the moDOclinic system, ia obtained ; when manganese is substituted, 
rhadonUe, of the triclinic system, ia produced ; but in all of them the 
Angles of the prism are 86° to 88° " 

tbe sum ol SAJ,0,.lNi,OJ[,0, -h^liL id tfan latUt Ihi* tum of oiidn ■• rtplu>d bj 
19MgO. Ill nhich (here i> >i much olygen •> in Ihe win at Uie more claul^-daHnxd Urn 
tN>,0 ind loM boiii: 9AJ,0,H,0— thai it, th» nUtion ii jait thi Hma bere h between 
•Dgita uid ipodDinsiu. 

■> With reipect to the ullc* campmndi ol lhi> 'uriani oildea, it must bs oOHrrad 
Hull odJj the atkah taU> trt knon in a tulubls Idrm ; >U the Dthan only tiiil in ui 
innluble Ions, to llwl a aolution ol tho liliali compounds ol silink, or Minbis gUss. {itm 
a prsclpiUte vith ■ wlution ol the hII* ol the imtjuriti of other metsli, and Ihli prn- 
eipiUta mill eontnin th* (iljca umpannda of the olbei bun. Tka Buiimum unounl of 
Um gelalliioDi hjdnu ol «]•», which diitoWat In nastio pglash. eomiponda with tha 
lonoatioD ol acofflpaund,3K,O.VSiO,. But Ibisoompoand ii partlalljr dfcompaied, irilb 
tho prMlpitation of hrdnta ol wliiiB.Dn cooling thi acJalion. Solutimu cnnlwning ■ 
amallu amoatil ol silica maj b* kept for an indsfiuito time withoat daoomposinf, ud 
■ilica lioei not sapuaU out liam Iba tolution : but such compounds crjstalliis fiem the 
(olDlioni with diBtcull; Howain.a crjttalUnabisaicale {wilb wntokhas beanoblHinad 
(or sodium having the composiliiin XagO,BiOc — i-r, ar>TTe<poiidin|f lo sodiqin earbonata, 

oblaiDed DQ huiiig S'A parti ol eodium oaTbonate with D part* of silica. If leas silica ba 
tak«n a portion of Iba vodium carbonata remains Dudacoinposad ; howavar, a subatanea 
inaj than be obtained of the composition Si(0!4al4, eorreapoudin; srilh orthosilinic acid. 
It UDtaina the maiiinum amount of aodium oiideeapahla ol eoDibinin|with>iligaDndar 
hiaian. Il Is a sodlam ortboiilicalo. (Na}0|,,SiO~. 

CaldniD cacbonale, and the oaibonalca ol the alkaline earth* In gtnarsl. alia eiolTa 
■11 l}ielr carbonic acid when baaiad with silica, and in some LdvtaDoaa even fomtomawbat 
fnilbla osmpnuuda Lime forms a tniibla skc ol calcium nItMIe, of the eaapeailiaa 
CaO.SiO) and ^CiiO,IISiOT With a Itrgei (nportien of ulioa the elaga are iatusibla In a 
foniaoe. The magnasiuni ifiifa a» less fnsible Ibin those with lime, and are oIlaB 
larmad in smelling metals. Han; compounds ol Iho metals of the alkaline eaiUis isith 

Ii oUvnie. IMttOlhSiOi. sp. gr. at. which occurs in moUonUs. end lomelimee fonu a 
ptacion* stone iperldolal, and occurs in tlsgs and basalt*. Ii is deeoapoaed hj saidd is 
infuihie before the blow-pipe, end crritalUses in the rhombio sjsldn. Swrpwntint has 
the composilian SH;O.SBiO|.IH,0 : it loiaciimei Inrais whole monDtalni, and ie dk- 
lingnisbed for lie great cohetiveness, end ii tlwrafom uecd in the aria. It is genanllf 
tinladKnen: iM ipeciflogTaiityii 9-S( it >a aieaedinglji infasibie, eren bofonUia blow. 
pipe. It ia acled on by adds Among the magnesium compouiids of siLica, rale is seer 
widolT used II is InqnenllTmai with in rocks wliich are widilf dialiibuled in natnre, 
and aametimeain eooipact laasaeei it can be tisad for *hUn( like a alala psneil or ehalk, , 
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The most reiiiarka))la coniplex Bilieeoaa conipoands are tho /dipart,. 
irhicli enter into nenriy all the pritnnrj' rock« like porphjrj^ granite, 
gneiss, Ibc These felspars nlways contain, id addition to silica and 
nluminn, oxidei presenting more marked basic properties, such as potash, 
soda, and lime. Thus the orllionlme \aduloria). or ordinary felspar 
(monoclinic) of the granites, contains KgO,Al,0„CSjO, ; albiui eontains 
the some substances, only with Na,0 instcul of K,0 (it already apper- 
tains to tlie friclinic &yatem) . aimrlhilg contains lime, and its compoii 
tioD. i» CnO,A1]0„2SiO, On expressing the two liist as containing 
equal quantities of oxygen, we have ' — 

Albitfl Na, Al, Sig 0,^ 

Anorthite Ca, Al. Si, 0,^ 
It ii then evident that on the conversion of albite into nnorthite, NagSi, 
ii replaced byCa^Al^and this sum. both in cliemicn] energy and in the 
form of oxide, mny be considertKliu corresponding with the first, because 
ffodiutn and silioon are extreme elements in chemical cbaract^c (from 
groups I. and JV,), and calcium and aluminium are means between 
them (from groups JI, and lll.i, and actually both these felspar mine- 
rals are not only of one (triclinic) system, but form (Tchermak, 
Schuster) all possible kinds of definite compounds (isomorphou* 
mixtures) between themselves, as indicated by iheir composition and 
All their propnliea. Thus oligoclase, andesine, labradorite, itc. (plogio- 
clases), are nothing more than mutual combinations of albite and 
nnorthite. lAbrRdoi'iteconsiBtsofalbite,in combination with 1 toS mole- 
cules of onorlliite. The claasot zcolilei corresponds to the felspars ; they 
are hydrated compounds of a similar composition to the felspars Thus 
(Hi(ro^tI« contains Na,0,A1,0„3SiO„2H,0, and antilcime preseDta the 
same composition, but contains iSiO, instead of 38iO,. In general, 

•ed bring greuj to th> toocb, !■ >]>□ known u iltalilt. It cryiliUwa in the rhombM 
tjttem.tni rcaomblfi miu in muiT teipacte; like it, it xdiTiiibl* iala taminai. gtmtj 

tnniparanl, Bod !•« iafguble wid iDtalobte m uldt. The oompoiitioa of tale ippniudiH 
Dearly >o eUeO.£3IO„lH^. 

Among Iha crriUllin* ■ilicuMI Uis foUoinng mmenli luv known .—WoUatcnll* 
(Uhnlu-Bpar). oryiUlliMi in Uio mgooclinic sytWin; >p. gr. SB; it i> leni-truipuent. 
difflonllly faBibIs, decompoeed bj acidt. ud hu the Gompoaitian at a mctMdiuM, 
CaOBlO,. Bui iuiDorptiDna millniaa at utcinm mad magnttium tilictUa oconr vilh 
panieolar Inqaeat; in nalurs. The OMgilf (ap, gr. Si), dialbgo. hjpvtalliBnea, horn, 
bitndea lip. Rr. SI), unphibolea, ununon atbeitoi. and many ainilai oiinarala, aama- 
Unaa lonnin^ tha eiwntul parts of entire tuck larmatiDnB, contain vaiioua niaUn 
pToportbna oF tha btaJLvatea al Hlcinm and oia^aaium puiiolty miied vith other 

In Iha pjruianai, aa a ntla. lima pndcminalca. and in tba amphibotea (alao of Iha 
monoelinic tyalem) ma^netiitpreduminalea Detail* upon tbiB labiaot moat be ioohad 
lot in WM'lii upon minenlDnr, 
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the telspurs and zeolites contain RO,AJ,Oj,nSiOi, where n varies con- 
siderably.'* 

Such complex lilicates are geuer^j toaoluble in water,'' and if 

** The majontj ol tb4 iLlicedtu tnineE&ls it^te tut'" bevn gbtuoed irtiflciBlljr ud^a 
niioot canditioiu. Thus N. N. Sukalofi ihoed Qui sltga Tcry (reqiuuilljr eonUia 
petidoM, Hiuteleaille. ChmasUboS, Priedel, uid Sanuia obuinod leltpu idsBtiol In 

be hwlred lor in ipeciil vorin on minenlofy : bul. ej ui eumple, m Hill dHcribe Um 
melbod ol the piEpBUtion of [elipu emplofHl by Frigdot ud Saniin (IBSl). Froin 
the fact UliLt lelipu givei up poUiiimn liliwte to water ctbo at the ordmir; tem- 
peratnre CDebrvT'e eip«riisenti}, they coDclnded that the felapai in granitei h^ am 
aqueoua origin {aad Ihii [pay be ioppoaed to be the cau Troia geological data) ; then, a 
the flrat place, ita formation Goold not bg jLooompliabod tmleu io the preftcnce of aa 
etceiB of e nolotion of potAecrom ailicate. In order to repder tiiiv ergumeot clear I 
maj dicDtJOD, ae an example, thai camaUila ia decompoaod by vater into eaaily loloble 
magDeiinm chloride and potaeainm chloride, and therefore il it it of aqaecoa origLu it. 
eooid n^t b* formed otharwiAe tha fmm a adption containing an eicen ctf Taagncaiqjn 
chloride, aod. in Uie eocond [dace. Iroia ■ strongly-hnted lolatioai (gahi, teUpu itiair 
and it! fellow-Gompoaenta m granitet are anhydroni- On theve facts won bated 
ex^rimenta of heating hydratea ol silica with alumina and a loltttion of potajaJBOi 
ailicata in a elcBfld vs>mi]. 71u mixtnr* waa plaud in a soalod platinoni taba» which 
Has BOclaaad in • aleel tnbe and heated to dnll mlneai. Wben the nuiinr* coa- 
tained an eloeai of silica the retidne conlained many cryilali of rock ci7«tal and 
tridymile, together with a powder of fe-UpoTt which formed the main product of the 
reaction when the proportion ol hydmtti ol lilicK was decraaaad, and ■ tniitDn ot • 
aeluUnn olpolaeiiDm ailkate with eloraioa protipilated Ingetharwith tlieiiIuiabyBuliB( 
aolublc gtaiia with alaminiaio chlonde waa employed. The compoiition, piopertiea, and 
forina of the reenltant feflpoi proved it to be identical with that toaod in natuo. The 
■xpenmenti approach very nearly to the Oatnral coaditioDa, ajl tjie more 41 felipu and 
qurta ue nblainsd togBther in one miiiure, u tliey looftcn occur in oatore. 

'^ The applicatioD ot ceiteHti ii bawd on thii principle -. they are Ihoee tout ot 
' bydiaulic ' lirae which generally form a alosj miu, which hajdani *rax imdM ««t«i, 

The hydmilir propertiea of oementi ats doe to their containing calcireoui and ailiiH- 
alnmiuoui compound! which are able to combine with water and form hydratea, whloh 
era then unacted on by water. Thin ia beat pnTred, io the firvl place, by the fact that 
certain ahigt containing lime and eilie*, and idilained by fauou (Ear ■sample, in blait- 
tnnu««), *alidi^| like (wmeata whsa finely ground and uiiied with wsur ; and, in ths 
eecond placs, by Um nuUwd now employed for the muulactura ol artificial camenl* 
(formerly only peculiar and oomparatirely rare natural pn>ducta were med). Foe thil 
purpose a miitore of lime and day ia taken, containing about IB p.c. of the httter ; ihi* 
tniltuia ia tben heated, not to fuion, bat until both the carbonic anhydride and wads 
oonUlned to the clay are eipeUed. Thii mau when finely ground foimi Ponlaad oenuolk 
which hardniB under water. The proceav of hardening ia bafod on the farmatjoo ol 
ehomiciiJ cDBiponnda between the linis, ailica, nlaisina, and water. Thete anbetaneea an 
■lag found combined logulher in Tarioug uturtl nunenU*— for ejainple, in ttal UMilitM^ 
aa we law above. In all caaea cuaanl which hae aet conlamt a coosderable aoMIIBt «l 
water, and iti hardening ii naturally due to hydration — l]i4t ia, to the iDrmaUou ol 
oomponnda with water. Well.preparsd and lety flncly-groilad mmcnl harden* 
oomparatively quickly (in leveral daya, e^ecially after being rammedduwnl, with 3 parts 
(and eTon mote) of coane Band and with water, Into a atony ntaaa which it at ha^ and 
durable oa many alonee, and mote to than brickt nod limotane. Hence not only bH 
maritime oonstractioni (dock*, porta, bridgoa, £c.), but alao ordinary huildinga, are made 
si FmtJand cement, and are diitingoiahed lor Iheil' great dnnbiUty. A conibioaHos ot 
ironwsrk [tie*, gitdert) and ctmsnt ia particniariy nitable In the cautructiea ol aqss- 
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the; undergo chnogs in it, it b but very slow, and more often only ia 
the presence of carboiu'c acid. Some of the silicates which are inEolnbla 
in water am easily end directly decomposed by acids ; for instance, tha 
zeolites and those fused silicates which contain a large quantity of 
energetic bases — such as lime. Many of the silicates, like glass,'^ are 
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li ol glui loniBliniei conUin up Is lOpe. oI daniiui. 

(or ths mmnbclore ol glnas ntB ■!» noil tu-latl. For 
.<Dn Mill}, about 100 iwrti of ndiain cuboute, and tO ol 
liDwilone ata tnhcu, ind KHnetimat doabla Iba propx'tian of tha Utlnr. OidinAry loda- 
j/hu contiliii uDdluin oxide. linM. and lilica aa the dual MBi|KnieBt puti. It it genar- 
aUj prepared from nodiiiui autph^te mined with charooal. idiajs and lioie (Chaptar XII.), 
in "hicb c»w Iho lolltnt Ing leMtion Ukei place at a high temperalDre - Na,SO. *-C* SiO, 
BNa,SiO,-f80}-rCO. Somelimea polaiiium catboula ii taken tor the pnpanitioii of 
tha belter quliti» ol gtau. lu thia caaa • glun, jmtaik-glaa, ii obtalDad CDIXtaiuili; 
potaiiium oiide inaltad ol (odinni oiidc. Tha iKitknocn ol thcte glaiiei ia the no- 
called Bohemian glnii or eij^til, ohlch ii prepared by the fuaionof SOparltDlpottsiiniB 
eaibDnata. 1$ paHtol lima, and 100 parli ol quarti. TheprHedingkiadiolgliusnjntain 
lime, whiitt er^itat glaaa nmtaint lendoiide inati^ad. Flint gbiai— thatit.thulovlgUaa 
uttd lot optical initnunnita— it ptapaied in this raaonar, natnrallj Iron the puroit 
poaaible mataTial*. 0«i(al-;IaH— i.e. glaas containing load oiidi — i> lallar than 
ordinary glaai, moTa fmihle and hai a higher iodei of tcTncl^on. HoweTer. otibough 
tha nalariala lor the preparation ol glaii be mott carcIuUy aorted, a certain nmoiint 
el iron oildea lalli into the glaas and randan it greeniah. Thia coloration tntj 
in daitroyad bj adding a nombei ol rabttancal (o Iba Tilicos* maaa, which are able 
Lc OTtde ; for eiampla, manganeaa parotid* 
(became the peroiide la deoxidited to nanganoua oxide, which only give* a p^ violai 
lint ta (be glaaa) and araanioiu aohjdrlde. which ia deoxidited to armnic, and thia is 
volaliliied. The maDDfaclnra ef glaaa it carried on In hmacea giving a very high lem< 
pcralora (cflen in legenemliie lonucaa. Cbapler IX.) Large clay cnciblaa aie placed 
in Iheta lomaeaa, and the mixture dettined for the preparalion ol tha giau, baring been 
flt>t routed, itchargad into tha cmciblee. Thelcmperalore of tha Inrnaee ia then gnda- 
ally railed. The ptoceu taket place in thna upante alagea. At 6isl Iho naaa inlet- 
» and begin* to react ; then it f uiei, evolvei carbonic acid gaa, and loima a nioltaa 
maaa; ond, latlly, at Ihehighert tempcratiue, itbecomaahamogeneoaaand quite liquid, 
7 far the ultimate elimination ol the caibenic anhydride and aolid <m- 
piuitlea, which latter collect at the bottom of the crucible. Tha temperature i* then tome- 
what lowarad, and llie glaaa is taken oat on lahaaaDdbtoireinloabjociiDlTarioDt ahapea. 
In Iha nunalaclurc ol wtndowgtatt it ii blown into largo cylinders, which are then cut at 
thaandaandacmai, and afterward* bent back in a fumac« into the OTdiDarjabeol*, Altar 
balng worked np, all glan object* have to be tubjecled to a alow cooling {ainraling) in 
ry hriitle, aa it teen in Iho h"-called 'Rupert's 
dropt,' lurmed by dropping molten glaat into water ; although thcte dropt prcaarve their 
lotm. Ihejaraaobrillla tlial thay break np into a fine povdcr il a smaU piece be knocked 
oil Iheia. Olai* oblecU have Ire^Beotly to be poliahad and cbaaad. In the luano- 
factore ol nirma *Bd sany mataiva object* the glaaa i* Caal and Ihoa 'grooitd ibA 
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bardly changed by acirls. ptrtieularly If they contain much silick, - 
whilst fusioD with altaliB leads to the formation of compounds rich ia 
bues, after which acids decorapose the nlloys formed.^ 

According to the periodic law, Iheoe&reatu&atogues of silicon ought 
to be elements of the uneven &enes, hecauEe silicon, like todium, mng- 
neaiuro, and aluminium, belongs to the uneven series.'" Immediatel]r 
after silicon follows ekoieilicon or germantum, Qe = 72, whose propertie* 
were predicted (1871) before Winkler (1886) in Freiberg, Saxony 
(Chapter XV. § 5), discovered this element in a peculiar silver ore colled 
argyrodiU, AgjGeSj." Easily reduced from the oxide by healing with 



1 gluH* tie Imied bj Uw oiid« 
bj KLutgoDea* mid*, ud nd rUib 
wn« — ij^ a aHDpcniBd of geld mmA 
aiaa it obUiBsd by nsiui* d Um 
I ol aibos. «p«GisU7 tot 1^ brown 



inllihed. Colouad kIuhi un eiUiet made bj din 

gUu ■( Isid on tlis HutKB al acdiDu^ el>». Om 
ot diromiani uid copper, blno b^ cobalt oiide, nolo 
by L-uproq» okUb And by Lho •o-c&U»d puqile ol C 
Un — whicb will ba duohbod Uur. A yatlaw eok 
oiidoA of iron. «Ovar, or uituDooy, and alao by mw 
iIdU tot ovrteip kinda of bottlfr^lkia. 

From nrlnil hiw hasn Bid kbont glu* it will bt oudantood Uul 11 >■ impuHiUe to 
givB A defihito ConnDU for it, bookua it ia a nan-cry etjtUiac or atporphoua aiidj of 
aJllcabea ; bal aocb an alloy can only bo tcvned wiibui cortun iimjta in tba prc^otVojM 
botiram ths eouponuil oiidsn. Willi a lugs pniponioD ol lilica tba ^aaa Tary aaaUj 
bsoomea clondod whao beaUd ; willi a oonaidsmbla propoilion ol alluH* it ia —Mj 

proporlioa of lima il beooDiea iuluiible and upaqu*. owing tit the lanaation ol eryiUlUn* 
BOmpciuido in it; in a word, aoarUiu prDportion <■ pvactically aiuioed aouag iJu tool- 
poaont oiidot in order tbat tba glaaa lonnad may hare ■ailablfl proparliea. Nsrerbbalca^ 
it TDay ba well to raDwrk tlul tba DompoaitJOD of codudod glau A[^iroa£boa lo tlka 
loimula Ka,0,CkO,t8iO,. 

Tbfl-cDiiCEciont of cnbioal aipaniioD ol glua ii Dearly equal to tbal ol piiUnaiii and 
liocbsinx approuiDataly O-OOOtnT. The ipeeiBc beat ol glaaa ii nearly O-IO.and Uw 
apeeiga gravity ol conunoa aoda gLaea ii ovafLy Itft, of Bo h e m ia ji glaaa i"*, and ol bottle 

baaiier oiide of lead, ila apecifie gravity being I'll to R'l. 

" tt moat be reeoUeoted thai althaogh acids aeun to a« only leably on tba majolily 
ol ailicatea, oevertheleaa a finely -levigated poirder t^ ailloeooa o«npoiuida ia acl«d on by 
atroDg acidi, eapecially with Lbs aid ol heal, the baaio oiidaa being taken Bp and gela- 
tinoua BdiiM lelt behind. In Uiia reipeot inlpharic aad heated to V)Qf with flnaly-dlTidad 
tihwoos eompoDndB in a olosed tube acta r ery enagetically. 

^ Soeh elementt aa iilicon, tin, and lead ware only bnoghl ti^thai onder gn* 
common gronp by maana of the periodic la*. ■Jtboogh like (|Qadrivalanoy ol Un and Uail 

and lead amoog the melala- 

■• At Snl IFabmary 1«M) the oaol ol Dalanal to arorii on. the abaaoea of • 
Vectnun in the Banssn'a flanu, and the aolubilily ol many «' tlu rrnnpnanila of 
gernuniam, preeented diOleuliiea in the raieaithea of PivleaaoT Wmktar. who, <m 
analysing argyrodite by the usual method, obleiaed a conalani lose of t p. c., and *■■ 
thui led to aeairh lor a new elemeoL The preaenca ol anEnie and anUiBoay In tfaa 
aooompanying nuncralt alao impeded the aeparaUoD ol tbe ne* metal, Alt« laiioo wtlli 
anlphar and aodiDin carbonatv, argyiodite gives a aolutioo o' a aulpbtde wbieh la pa*- 
dpitalcd by an meru ol hydrochlorio acid ; gonaaniBm tnlpbide is aolahle In amBWta 
■od then predpilaled by bydnmUoria aaid, a* a iirMto piecipitale, whicli ia diaah«4 
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hydro^n ftnd churcunl, Rnd separated from its solutions bjr tiaa, 
metallic germanium proved to be grey iah whi[«. easily crystitllisable (in 
©ctehedra), brittle, fusible (under a coatinj; of fused borax) at about 
900°, Biitl eaaily oxidiaablo , the speciHc gravity ="5109, the tttomic 
weiglit = 72-3, ami the specific heat = 0'076," as might be enpeoted 
for tlii» element aocording to the periodic law. The coirospODding 
f/ermnnium dioxide, OeO,, ia a white powder having a. specific gravity 
of 4'703 ; water, especially when boiling, dissolves this dioxide (1 part 
of OeO, requires for solution 247 parts of water at 20°, 95 partA at 
100°). It forms soluble salt« with alkalis and is but sparingly soluble 
in acids." In a stream of chlorine the metal forms gennanium 
chloridr, OeCl,, which boils at 86°, and hu a specific gravity of 
rS8Tat18'; water decomposes it, forming the oxide. All these pro- 
perties " of germanium, showing its analogy to silicon and tin, form a 
most beautiful demonstration of the truth of the periodic law " 

The increase of atomic weight from silicon '28 Ui germanium 72 
is 44 — that is, about the same dif^ere^(^« as there is in the atomic 
weights of chlorine and bromine ; between gerit\anium and its nent 
kDologue, tin (Sn = 1 1 E^), the diSerence is 46— that is, olmoVt as much 
OB the amount by which the atomic weight of iodine exceeds thst uf 

Mctalltctin is rsrely met with in ftnCvre , it occurs In the veina of 
ancient formations, almost exclusively in the form of oxide, SnOg, colled 

lor decftmpntedl by wnUit Mia Mag □iidiud by iiilrie uid. ilrisd uid {gnlted 
tmnanmni aolf^iide Ihth the oiid( 0«0^ "hiEh i> rndaced to Ihn moUil vbtn finlted 
In * ilniuD dI bfditigdi, 

* d ths elgctrodea of a. powerlnl Rnhmkorira mil. The irBTi>-leugtlu o[ tha moul diilltwl 
lin« an «», SM, SIB, tlS, 181, 171, millinDthi of a millimolro. 

" If ^emuiiitin or ^rmaiiJaDi sulphjda b« haatfld Ln a itrmmi of hj'drochlorJD oold. 
It fonaa ■ foUtlle liquid, boiling &t 71°, wfalch Winklsr regudid •• gHiuiaiDiii chloride, 
OsCI,. 01 gcnntuiiDni ohIorolOriD, OoHCIv ll in dccoirpoMd hy mUt. tonnUig a *hiU 
nbatance. which maj p«rbapa bo the bjdfatd of germaniovi ovkde, OvO, and acta u a 
powarfully rvdooing Bg<al in a hydrochloric acid ftolotion. 

" Uudu cETtain siicaimUiiaes gemianinm git»> a bln« colontioD lik* ihat ol nitn- 
nanas, aa Winklec ahoved. which nughi havs beaa etpaehid trom ths aoalog]' el gai^ 

" Wiiiklst Etpnawl Ihia tn Ihr loUowiag wordi IJonr. /. prtut. Cktmu, leSa [3], 
14, laa-lSSI :■.... <a kann kemem Zw«<fel mcbt uiiMrlicgfn. daaa dai nans EUnisiit 
nichta Anderei, al> daa lor fUnluhn Jahren voo itetdtUfff pI0gDo>tis»ta £lailJlciu« 
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tm-iUme. The best known tin depoaita are in Cornwall and in Malapf a. 
In Bnssia, tin ores have been foand in small quaotitieB od the ehorCG of 
Lftke Ladoga, in Pitkarand. The crashed ore maj easily be uparated 
froin the eiirthy matter accompaDjing it by waahiog on inoUned table^ 
as the tin-atone has a speci&c gravity of 6'9, whilst the impurities are 
inach lighter. Tin oxide is very easily reduced to metallic tin by heating 
with charcoal. For this reason tin waa known in ancient timeo, *nd lb* 
PhtenicianB brought it from England. Metallic tin is caA into ingots (A 
oonsiderable weight or into thin sticks or rods. Tin hsd a white oolonr, 
rather duller than that of silver. It fusee easily at 232°, and oryatalliiet 
on cooting. Its specific gravity is 7'29. The crystalline structure of 
ordinary tin is noticed in bending tin rods, when a peculiar Bound ii 
heard, produced by the fracture of the particles of tin along the sur- 
&ces of crystalline structure. 

When pure tin is cooled to a low temperature it splits up into 
separate crystals, the bond between the particles is lost, the tin aMuntes 
a grey colour, becomes less brilliant — in p. word, iu properties become 
changed, as Fritische showed. This depends on the peculiar structure 
which the tin then acquires, ami is particularly remarkable because 
it is effected by cold in a solid." <■■• If such tin be fused, or even 
simply lieated, it becomes like ordinary tin, but is again changed when 
Moled. Wheu in this condition tin bos a specific gravity of 719. 
Similarly, tin is obtained by the uction of the galvanic current on 
« solution of tin chloride ; it then appears in cryatsls of the cubie 
system, and has a specific gravity of T'lS— that is, the same u vbeo 
cooled." 

Tin is softer than silver and gold, and is only surpassed by lead ia 
this respect. In odtlition Ut this it is ver^ ductile, but its tenacity is 
very alight, so that wire mode from it will beur but little strain. In 
oonsequeuce of its ductility it is easily worked, hy forging and rolling 
into very thin sheets (tin foil), which are used for wrapping manj' 
articles to preserve them from moisture, Jrc. In this case, however,' 
and in many others, lead is mixed with the tin, which, within certain 
limits, does not alter the ductility. Whilst so soft at the ordinary 
temperaturee tin becomes brittle at 200°, before fusing. Tin powder 
may be es.sily obtained if the met«l be fused and then stirred whilst 
cooling. At a white beat tin may be distilled, but with more difficulty 
thtD dnc. If molten tin oomes into contact with oxygen, it oxidises^ 

» in Enuliuull (IBW) tUAtt tbM ia the «>U or Oie 
Uk nK^it'tt for cuidl«> wtra tpoiii iiava%\i becgmmg quiU 

M The tiD dspOdlcd bj hi elecuio ciuical Iiom 
jSB^m mi bcccm» ooUod wiUi BuO (Vipioo, tSW). 
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forming ituinic oxide, SoOt, and itt vapvur frunu with » white ttaSA 
At ordinary Ctmptralvret tin doea not oxidue, and this very iniporUot 
property of tin ttllovi it to be applied in monjr cases for coTpriag other 
metftls to prevent their oxidieing. This is lermed ttnntn^. Iron and 
copper are frequeAtly tinned. Iron and ateel iheet^ coated with tin, 
bear the name of tin pkte (for the most part made in England), and are 
u»>d for tiumeroug purposes. Tin plate is prepared by immerring iron 
■beets, previously Ihorouglily cleansed by acid and meohanioal nieona, 
into molten tin." '''" 

Tin with copper forms bivnxt, an alloy which a most estenaivelj 
used in the arts. Bronze has various colours and a variety of pliy- 
sical properties, according to the relative amount of copper and tin 
which it contain!. With an excess of copper the alloy has a yellow 
colour ; the admixtoje of tin imparts connderable hardness and 
elasticity to the copper. Ati alloy containing 78 parts of copper and 
-about 23 per cent, of tin is ea elastic that it is 4ised for casting bells, 
which naturally require a very elastic and hard alloy." For casting 

>' *^ If KfUr Uiia (ha c( 
wmlcr OTSi it— it oTiUUiH 
•keu Uie thuts tn Ant ii 
Hutieudi. 

Th* «w.(ing at iroD bj lia. guirda il tgiiiul tlw dirMt Mong o 

• loFt bua in (wiUia pliicei. il will be powctfally cuddued U theio rpett, 
14 tin ia plectro.nflSAbvB vilh nipaol ^o tht irm, ud iLu bha oxidjLtioB 
flbtirvLf la the iron in llu preuoce <d Ud. Henoe ■ ooAtitis ol tin o^tr 
Inn objKU only p»nkU7 pTMW*M Lbon from nuling. la thii reapect ■ coUios U 

i of th* arm and tin, «.bich binda tha rvutjii^ of Ua lo the rnn&iDUig 
la of tha iron. Tis nuj be fniwd vilh cut Iran, ud giraa 3 grejiali- whits alloj, 
which il vffiy aaailj eaal, and ia D«d lot caatiug maay object* for which inv by itaaU 
nald ha nHnltablBowlag toilacsadrotidiaabilit} and poni*it]r. Ths coatiog of ooppa 
eh]«W bj tin 1< Kanerallj dona to iwaaerre the ooppor trom tbs Ktim of add liquids- 
which would altaek tb* soppar io tha praaBaoa of aii and ooDTsn it into aolnble nUa 



tin l>o rapidly oooled-.-foT bkaUne», hj ^■■'■Hj 

•enm aliu.ahapad dgnrea, wbiob become vlaibls 
n diUls ajjUa rogia and then in b aolotion ol 



n Iqieotfle gniitj at 



■^ The aaeieDt Chinaa* alloTa, ooataisinK abonl W p.e. of It 
aUof a aboot 8-9), whjch b^r^ baaa rapidly Doolad, are diatinf^niabi 
and aluticitjr. Tbeee aUoja were formerl; maunfastimd In la^ge qnantilisa Jn China for 
the masioal iaetmnumU knowo ae tom-lomt. Owio^ la their hafd n eae, alloja of thii 
alao anplof ad for oaatin^ E^^Bi bearin^t ^c.. and ui alloj ooataioing ahoai 
11 p.«.Dt tio (c»[Te>pai>d!iig wiUi the latio Cn|,9n) ia known •> gsn-malKL The addition 
of a ftnall qouititj of phoaphorua. ap lo 3 p. c. raDdara broazfl atiU hardar and mora 
tdaatie. and the aUoy to formed ia now oaed onder the oune of pfaoaphor-brDoEa. 

The alloy flnCit) ia brittle, of a hloiah coloor, and hae nothing in commoEi with oithef 
~ta appearanoe or propertiet. It remiuna perfectly hnmo^cneoiu on cool- 
a ojataUiaa atrnnora (Ri<^hc). All the*e aigns clearly indicate Uiat 
le alloT SnCn^ ia a prodacl of .^Vit«"*^r* comhixiation, whioh ie alao aeen to be the caae 
am ita deuaitj, m. Had then been no Dootnction, thadesaity ct the alloy would be 
I of all Iba aUoji of tin and Doppar, baoavM Iha daiity of Ua i> 
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statues and vnciuus large or amall omamentiil articles alloys oontaining ' 
3 to 5 p. c. oE tin, 10 to 30 p. c. of ziuc.and 65 laSb p. c, of copptr tu« 
used.'' Tin i& also often used alloyed with lead, for making variooa 
objects — for instance, drinking vesiels. 

Tin deoompoaef tlie vapour of water when heattd with it, liberating 
the hydrogen and forming atanniu oxide Sulphuric acid, diluted with ft 
oonsideruble quantity ot water, does not act, or at all cvenu acts ver; 
slightly, on tin, but tin reduces hot strong sulphuric acid, when not 
only sulphurous anhydride but also sulphuretted hydrogen ia evolved. 
Hydrochloric acid nets very easily on tin, with evolution of hydrogea 
and forrantioD of stannous chloride, SnCI,, in solution, which, with an 
excess of hydrochloric acid and access of air. is converted into atannio 
chloride : SnClj + 2HCI + O = SuCi, + H,0." '■" Nitric acid dilute* 
with a considerable quantity ot water diasolves tin at the ordinary tem- 
perature, whilst the citric acid itself ia reduced, forming, amongst olbor 
products, ammonia and hydroxylamiue. Here the tin passes into solu- 
tion ID the form of stannous nitrate. Stronger nitric acid (also mors 
dilute, when heated) transfonna the tin into its highest grade of oxida- 
tion, SnO„ but the latter then appears as the so-called raetastaDoio 

7'M mai ol copper S'S. Tbs illo; SnCot. *p«ciBc gmilf 877. hu aimiUr pmpsrtiea. 
all theklloya eiupl SiiCd] ud SnCa, iplil Dp oa moling; a porlion richei In oipp« 

«Ud;b da not iplil up on cwliog. Id th«H uid dudj (itnllu luU we cui deulj dii- 
biagaiih a thBTAieat union bBtw9*n the mitali lonning ui ftlloj. The kllofa of tlti nod 
eoppor nan ImowD ia Tsry mmuto *g«, bslora iron ww uad. The thoji bI liao ud 
tin u» le» UKd.but ■UDyBcampa»d oliinc.tln, uid GOppar traqneollT repltce the more 
conly bronu. ConceminK the klloja o( lud tet Nols IB. 

H An eicellent proal ol the tut Ihit >Uor> ud H)lullani tn inbjeiit to l&ir i* givtn, 
usoDgat otheii, by Uie kppliulion of Rujolt'i isMbod (CbBpUr I., KoM W) to HlnUoB* 
o( diflerent metUi in tin, Thu> Hejcock ud Nsville IIBSD) ibDosd that the tempentu* 
ol •atidiac&ti()iiofinaltei]lin(3ao°'<)ii tooeiedby IhapraunceotaunaUqoutiljotollier 
met&lB in proportion to tho coaceDtration of th« ullltion- The following were tbe ndiio> 
tioQH of tbe tcmperatare of Boltdiflo&tion of tin obtuned bj diaeolviDg in It atonvio propor- 
tiona ol diSereol uetAla [toe oumpte, OG puta ot tine in Il,a00 pHW ot tin): Zn »'U, 
Cu i'-f!,Ag 1°'ST, Cd i'le. Pb a°H,Hgl°'S.Sb3° [riH],All°'gl. Aa tUoull'a method 
IChaptor VII.) auhlea lbs molKiilu weigbl lo be dtlaimined, [ha almoat pwfert IdeatilT 
of Ihemultut flEnres [eicepl fonJumioinnijshowe thai tho motecols* of coppeii (ilru. 

The; obtained tbii ume tBiolt JIBIO) toe Hg, Na, Hi. Au, Fd. Bi and In. II •lioold llci* 
be meationed that Bunaay (ISSB) (or the lajae purpou (the delenninBlion ot tbe mole- 
cnlM 'eight ol net^i on the buii of ihcii muliud lolaiien) took advantage of tba 
laiialiou ottbit Taponr lenaion of marcar]' <>» VoL I.. p. IIU {. oanUloiBg Tuioui matak 
In solution, and he ijao found that Iha above-manlioned idetals conlaio bat one atom in 
the moleeule. 

m hi* xiie action of a miilore ot Ujdrocbloric afid and tin fom 
of redariuff, wherein both the hTdrogen liberated bf the miitu 
eapar&tiob) and tbe atannoua ehhiTide act aa powertu] redodng ai 
Thui. lor miUuiFe, bjr thia milture lUtro-compoDndi are ll 
poonda— ^ibat la, the aUmoota of the group tiC 
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Kid, whioh does not dUaolve la nitrio acid, and therefore the ttD doM 
Dot pBBi into solatiou. FeebleEtcids — for inHtaoce, carbooio and org&nio 
tcids— do not act on tin even in the preEenoe of ok^i^q, because tin doet 
not farm anj powerful bases. 

It is import&nt Co remark as & chsracteriitio of tin that it U re- 
duced from its solutions hj many metals which are more oasilj oxidised, 
OS, for instance, by zinc. 

/ti contbination, tin oppeara in the two types, SnX, and 8nXi," 
compounds of the intermediate type, BOfX;, being also known, but these 
latter pass with remarkable facility in most «ases into compound* of 
the higher and lower types, and therefore the form SoXj cannot be 
considered us independent. 

SlaimouM oxide, SnO, im an anhydfons oondition is obtained by 
boiling solutions of stannous salts with alkalis, the first action ol 
the albal) being to precipitate a whit« hydrate of stannous oxide, 
8n(OH)j8nO. The latt«r when heated parts with water as easily as the 
hydrate ol copper oxide. In this form stannous oxide is a black crystal- 
line powder (specific gravity 6'7} capable of further oxidation when 
heated. The hydrate is freely soluble in acids, and also in potaannin 
and sodium hydroxides, but not in aqueous ammonia.*' This propertjr 
indicates the feeble basic properties of this lower oxide, which acta in 
many oaMa as a reducing Bgent"' Among the compounds eorreeponding 

" Muij loUUIe oompDimdi dI tin ua Imown, wfaoH molecnkr veigbta ou UwnfoM 

cblDiide, QnCl,. u>d •Umiie sUudit, 8iitC|Hil( {Oie UitcT boilB tX ihoaX ISff). Bat 
V. Mejcr round Uis YspDOr deniiiy o( itiuuioDi chloride, SaCl,, lo be niiabla betWMB Ua 
boiling poiDl (<UW°) ud 11(10°, owiog, it would twrn, ta the (ul that the dhImiiU tbm 
TuiafmrnSBgCl, toSaCl^bnt IhoTaiioacdaiiiitf ptaredlobalMttbu&at iadieaUd 
b; iLe Gnt uid gnaUi ihui Uut ibown hy th« H«aad tonnnl*, kllhoni^ ik ^ipnacbifr 
to th» latter u the lempenlnre hH>— Ihil ii, ll preHnts * unilw phenameno n to tlwl 
obfterred [d the pAiBa^;? of N^Oi j&to NO^ . 

V Wh«D HLpidlj bfulnd. ta ftlkniioe Boldtum rrl Btumoii* ouds depoeiu tin and fenS 
■Usoicoiid^lSiiO'-SDTanOi.iihichreniuiuhilbeallaliDeiolHtion. 

" Webs {iee>) bj pnopiuting a, lolDtioD ol itumoni diloride «ilh Bodiam lul^M 
(Ihit eelt ee k rednciue Dgaiit preTonts the ovdfetioa of the tluiucnu annpoand) ud di^ 
■olnng the mihed prscipittle in nitric icid, abUuned crrstali of itannoui nitnUa, 
8D(IIOaJ«10H,0, on refrigenting the anlntiDo. '^i <ii7«t*Uo-h7dcKM euilj mslu, ud 
it deEqtleeceDt. &e«d» thii. ■ mure Btuble uh;dnint buio ult, Sd| tJOi)^SiiO, i> 
•uilj fbnnsd. tn ^obtk], itvmoiiv ocde u s f«ebta bmaa eaeJljr fonnft b*>io HJbi, jtiat 
M captic and I«d aiid« do. For the Hms reuon BnX, cHdlj tonni doable ulU 
Tbni ■ polumBia ult. SdK,C1,3,0, ud e^eei*ll7 u uunuuna wdt, BnlNB^lvH^, 
eaUed pinh talt, an knows. Sonie of thaw ulli ue used in lbs vi*, oiriug U Ihail 
bvag own lUbla than tin lalta lOoiie. 8taiuoa> brontids end iodide, SoBr, ud Bul|, 
reHotbU the chlnrida in 111V17 respect*. 

Among uUiet Btunon* nlM a eulphate, BnSO,, ii knovo. It ii formed u ■ oiTlUl- 
lins pov^er wlua a lolotim of Hwuuiu oxide in nlphuiio uid it av^xmted undai tlia 
noBw at (o *ic-piuap. Tba feeble bettu sbataolc of the •taosoiu extd* ia olearij 
seen [d thii asll. t( daeaapMai willi Atrsme beilitj, when heated, into ituiue — ill 
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with Eiannous oxido the most remarkable and the one most frequently 
used is Btannous chloride or ditoride of tin, SnCL, also called protO' 
cliloride of tin (because it Ls the lowest chloride, containing half aa 
much CI OS SnCl,). It is a traonparent, colourless, crystalline lub- 
stance, mpltiiig at £50*iind boiling at 606". WntprdisEolveBit, witlioul 
visible change (in reality partial decomposition occurs, as we sliall ecQ 
preaently)' It Is also soluble in alcohol. It i« obtained bjr heiiting tin 
in dry hydrochloric acid gas, the hydrogen being then libemted, or 
by dissolving metaltic tin in hot strong hydrochloric acid and then 
evaporating quickly. On cooling, crystals of the monoclinic system ura 
■iblained having the composition SnClt,2H,0. An atjueous solution of 
Ihia substance absorbs oxygen from the atmosphere, and gives n precipi- 
tate containing stancie oxide. From this it follows that a solution of 
stannous chloride will act as a reducing agent, a fiut frequently made 
use of in chemical inveeUgations— for example, for reducing metals 
from their solutions — since even mercury may lie reduced to s metallic 
state from its salts by means of stannous chloride. This reducing 
property is also employed in the arU, especially in the dyeing industry, 
where this substance in the form of a crystalline salt finds an extensive 
application, and b known as An tail or tin crystals. 

Stannic oxide, SnO,, occurring in nature aa limlnnr, or tattittrile, is 
formed during the oxidation or combustion of heated tin in lur aa a 
white or yellowish powder which fuses with diHiculty. It is prepared 
in large quantities, being used aa a white vitreous mixture for coat- 
ing ordinary tiles and similar earthenwan* objects with > layer of 
easily fusible glass or enamel. Acid solutinns of stannic oxide treated 
with alkalis, and alkaline solutions treated with acids, give a pre- 
cipitate of stannic hydroxide, Sn(OH),, also known as stannic acid, 
which, when heated, gives op water and leaves the anhydride, SnO„ 
which is insoluble in acids, clearly showing the feebleness of its basic 
character. When fused with alkali hydroxides (not with their carbo- 
nates or acid sulphates), an alkaline compound is obtAinc^d which is 
soluble in water. Stannic hydroxide, like the hydrates of silica, is a 
colloidal substance, and presents several different modiliontians, de- 
pending on the method of preparation, but having an identical compo- 
sition ; tho various hydroxides have also a different appearanoe, and 
act diOerently with reagents. For instance, a distinction is made 
between ordinary stanaic acid and melastannic acid. Grannie aeid is 
uid lalphOTWt Sbhydndfl, bul rt nkaJl]' fmiai doubls tkllt with (hr aiJIa of th« bthmli 

iH gUMM bldruuhJoIic uiJ. .luiBout cMoridt, BnCI„SH^, tonnt > liquid hsTiiig 
Uw (wmpiMiUDB SBClfeHCUHiO lip ft. ■% fmsH M - 17°), ud ■ »1id Hll, SbC%.K,0 
(XaCd). 
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produced by precipitation by soda or ammonift (rom n fresLly-preparod 
BolutioD of stannic chloride, SnCI,, in wat«r ; on drying the precipitats 
thus obtained, a aon-cryataUine mass is formed, which i^ freely Boloble 
in Btrong hydrochloric or nitric acids, and also in potassiuin and Kidiuiii 
hydroii<te«. This ordinary stannjc acid may be trtill better obtained 
from sodium stannat« by the action of acids. if-fla»lannir ndrl ia 
insoluble in sulphuric and nitric acids. It is obtained in the form of 
B hi^avy white powder by treating tin with nitric acid ; liydrochlorio 
Acid does not dissolve it immediately, but changeH it to such an extent 
that, after pouring off the acid, water extracts the tit^iniiic chloride, 
BnCl,, already fonned. Dilut« alkalis not only dissolve inetiiKtAnnia 
acid, but also transform it into salts, which, slowly, yet completely, 
dissolve in pan wattr, but are insoluble even in dilute alkali 
hydroxides. Dilute hydrochloric acid, especially when boiling, changes 
the ordinary hydrate into metsstannic acid. On this depends, by 
the way, the form&tion of a white preoipitate, stannic hydroxide, from 
colntions of stannons and stannic chlorides diluted with water. The 
•tannic oxide tirEt dissolved changes under the influence of hydro- 
obioric acid into metostannic acid, which is insoluble in water in the 
presence of hydrochloric acid. Solutions of nietastannic acid differ 
from solutions of ordinary stannic acid, and in the prrsence of alhalt 
they change into solutions of ordinary acid, so thnt metastannic acid 
corresponds principally with the acid compounds of stannic oxide, 
and ordinary stannic acid with the alkaline compounds. '" Graham 
obtained a soluble colloidal hydroxide ; it is subject la the same trans- 
formations that are in general peculiar to colloids. 

6tannic oxide shows the properties of a slightly energetic and int«r- 
mediat£ oxide (like water, silica, Sic.) ; that is to say, it forma saline 
compounds both with bases and with iicids, but both are easily da* 
composed, and are but slightly stable. But still the acid character ii 
more clearly developed than the basic, as in silica, germanic oxide, 



" Vttiaj mppoiai Uu unu of U 
mrrisatian. mod ooniidfln th&t tbo ordi 
the msU-uid with the aode SngOio, b 
but in > different dagm. SlurniD uld 
poitHon N>,8iiQ,. Tlie Hune ull i> 
•Ddioin hjilroiidt. whilit metHluuiic 
UeUrd Kith > dilute 



u7 odd eorreBpondi iiilh Ihg aiide SnO,, 
k it ie mOTQ probs-blo tlut both %Tt polym 
.-ith BDdmra cubonktd gi«ea ■ tult of the f 

bHluuic odd givu ■ u]t,Hii,SDOs,ISnO, (Fti«my), « 
otalbtii moreoTer.ituinJoHid leii)» Kloblr-ln thci 



nu7 Btvuiate, Ni.,l9iiO| (Weber), Hthil both lUnnifiKida (like both lonns of eilica) ere 
^p&bleQf poLTmerlHticMi, vid probabTy oolj differ in fti dP^r^F. Tn genon], there is 
bore « tjreU reHmbluiae to •iliu, uid Onkhui obUinsd ft •oltttianaf iluinicuid bylbo 
direel di^yiis of 11* aJkuJlDa ealution. The imin diltetanca between these uids It that 
the meto-icid ie eolable in bydrochlbric acid, eDd givea & pracipiutd with Bulphnric acid 
■nd ituinone aUorida, whieh do not [ireoipiUte the ordiair; uid. Vienou (1989) 
(oDod thai more he«t >■ evolved hi dii*<i1via( ■Unuio eeid in KBO (hen nelutatmia. 
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and lend dioxide. This detemuaea the cbarocter of the compounda 
SnX(, corresponding to staanio chloride, SnCI, (also called tetrachloride 
of tin). It is obtained in aii anhydrous condition by the direct action 
of cUorLoe on tin, and is then easily purified, because it is a li<]uid 
boiling at 114", and therefore can be easily distilled. Its specific 
gmvjty is 2*28 (at 0°), and it fumes in the open air (spiritus fumans 
libavii), reacting on the moisture of the air, thus showing the 
properties of a cUloranbydride. Water however does not at firs^ 
decompose it, but dissolves it, and on evaporation gives the crystallo- 
hydrate 8dCI,,5H]0. If bat little water be taken, crystals containing 
6nCl,,3EiO are formed, which part with, one-third of the water when 
plai^d under the receiver of the air-pump. A large quantity of water 
however, especially on heating, causes a precipitate of metastannie 
acid *■ and formation of BCI. 

•■ Th« toriution nf tbo comiHiiuid SiiCl,,SB.jO li iccampuusd b; lo gnu ■ contne. 
tion thai ili«bB cr^htoli) ftlthoD^h thtj couUiD v>fti«r. on heHviei tfaui lh« luihjdron* 
cbloriile 8qC1(. The penta-hjdnUdcpiTitAllD-bjdnU&baarlMdrThTdnKhlorii: aeid.uul 
gitsa ■ li<|uid of ipKiSc gnyitT li>71, irhicli (l 0° 7i«lda crytMlt ol the compound 
8iiC1„lUCI.eH,0 tit coneipoDdi with U» nmilu pliliniun iwuipoiind), which null ■! 10° 
iulD I. liquid ol BpsciSE gnril; l-Wi (Engsll. 

Blunia chlonde nombinei with unaDnia (SnCl^.tNH,), fardroqiHUD icid. pboapho- 
retted tajdrogon, pboaphnnis penuohlorids ISoClj.FCJi). mlroui aohjdhds ud it* 
shloiuliydride (SnCL,J<vOi ud SdCI„SN0C1), ud with nuUUic chloride! (rot eumpla. 
K,Sna,,(NHi),8nCl« Ac.) In gcnanl. t higUy-dBfcloped funlty rcrr cambiaalwn i» 
obHTTsd ill it- 
Tin doH not combine diieotly with iodiss, bnt il iU aiingi b« huled in • nloHid labs 
with • Mtation of iodine in rrubon biinJphide, it fornu ituuiid iedido, Snl,, b ths form 
«( red oetlJuidni which hue tt 11S° ud TolsUliu >l aflG°. Tbe flnoTioe (Cmpoandi of 
tin hftTe • epedA] intereat in the hiilory ot cLfainintrf, hectDU tfav; give & eeriee of 
donble hIIi which are i«morphoiu with Ihs idti of h]'drofliio>ilieic scid. Bil^F,, lud 
thli hct umd to conEin Lha {ormnU SiO, [or Dlies, h the lormnli 8oO, wu indobi. 
Uhle. Althnngh ilanxic JUioridc. BoF^, i* ihiiDet oaknowii in the free ilile, Iti 
oorreepondib^ dnnbls ulli uv tbtj ehiily (omied by the Ktioo of bydroJlaaric uid on 
IttkAline eolutiona of ttuuiic okide ; thai, far ekunplo. ■ erxtt&lhiie Hit a( the oampoci* 
tiim SnK,F,3]0 i' obtwoed b; diHolTtng itwiale oiide in poteHitun hydrnlde uid 
then adding brdioflDOTic uid lo the hoIuUdd, The buium ult, RoBftFe.Ut^, il 
■puiagly Bolbblfl like ite eorreaponding (qUopflnoride. ThemoreeolDbleealtoJitmiitiiiiD, 
SoStP^IHiO, ciyiiUUiiee Tery well, end ii therelora more imporlul [or the purpOHS at 
reeewb \ it ia isonuuphoiu with the oorreApondiiig Halt d[ Hdiom (and litaniiua) i tba 
maencuuia nit eoDlaiai tO/}. 

Stanufc aulphide, SnSf, ii lomud, ae a tbIIow precipitate, by the adiort of nl* 
phureltad hjdrogen on acid aolnliona of aUniuc aalto ; it ia eaailjr aolable id a mmoi untt 
and potaautun ftiilphideet beeaiue il haa an add chuacler, and than Conna '^' "*'■"■"■ *tl 
(lee Chapter SX.) In u anhydioiu etala il haa the [onn ol brilliant golden TeUow 
[datee, which maj be obtained hj heating a miAure of flnelT-difided tm^ rvlphoi, and 
(^.ammoniac [or a coniidcrable time. It i> HunetimH naed in thia fono onder Ibe 
name of moiuc gold, aa a cheap nibititale tor gold-leaf in gilding wood article*. On 
ignitioD it parti with a portion of ita mlpbnr, and ii oonrerted Into slannona inlphid^ 
SnS. It Ii iolbble in canatic alkalia, BjdrDchl<sia acid doeanol diaaolra the aiUlTdnMlf 
erTitallina compoiind, bni the precipitated powdeij (olphide i* eolabla to boiUag Mnns 
lijdrwdJcelc acid, with the eToJatioq od bjdrogen nilphid& 
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Th* (lUn/i MinjwuAi/« 0/ lUititie oxide — tliAt is, th« (oDlpoa&dt i» 
trhicb it ptays the part of an acid, correspoDtling in this mpeet to the 
compouDds of silica and other anlijilrides of the composition RO, — are 
very eaail; fonaed and are used in th« nrts. Their oompositioa ia 
Dioit cases corresponds with the foimuU SnU,0] — thtX is, S[iO(MO),, 
similar to CO(MO)„ where M=E, Sk Acids, even feeble acids lik« 
carbonic, decompose the salts, like the corresponding compoonds of alu- 
mina or silica. In order toobtaiDjpofoaiiuni slamuUe, <>'hi<b crystallises 
in rbombohedra, and has the composition SnKiO,,^H,0, potasaiuni 
hfdroTide (9 parts) ts fused, and metastanuic acid (3 paits) gmduatly 
added. Sodium tlannatt is prepared in practice in large qusntilies by 
heating a solution of caustic soda with lead oxide and metallic tin. 
Id this last case an alkaline solution of lead oxide is formed, and the tin 
acts on the solution in such a wav as to reduce the lead to the niet«Uic 
state, and itself passes-into solution. It is very remarkable that lend 
displaces tin vhen in combination with acids, whilst tin, on the con- 
trary, displaces lead from its alkali compounds. By dissolving th«' 
ma^s obtained in water, and adding alcohol, sodium st&qj)at« ii pr*< 
cipitat«d, which may then be dissolved in wBt«r and purified by 
re-crystallisation. In this case it has the composition (inNa,0^3HtO 
if separated from strong solutions, and 8nNa,0„IOH,0 when ei7*la1.' 
Itsed at a low temperatare from dilate solutions. In the art* thia 
•alt ii used as a. mordnnt in dyeing operations. With a cold lolatiotl 
of sodium hydroxide metnstannic acid forms a salt of the compoaitioit 
(NaHO)„5SnO„3H,0, from which FrAny drew his conclunona con- 
cerning the polymerism of metastonnic add. Tin, like other metala 
and many metalloids, gives a peroxide form of combination or par- 
Hlannif oxide. This substance was obtained by Spring (1869) Id tb« 
form of a hydrate, H,Sn,0,=2(8nOj)H,0, by mixing a (olmioB of 
SqCI,, containing an excess of HCI, with freshly prepared peroxid* 
of barium, A cloudy liquid is then obtained, and this after being 
subjected to dialysis leaves a gelatinous niass which on diTing it 
found to have the composition !in,H,0,. Above 100° this safastanec 
gives off oxygen and leaves 8nO,. It is evident that 8nO, bean 
the same relation to SnO, as H,0., to H,0 or ZnO, to ZaO, Ac. 

Tin occupies the same position amongst the nnatogoee of silieoD ts 
cadmium and indium amongst the analogues of magnesium and 
aluminium respectively, and as in each of these cases the heavier 
aniloguea with a high atomic weight and a special combination of 
properties — namely, mercuiy and thallium— are known, so also for 
silicon we have lead as the heaviest analogue (Pb=206), with a series 
of both kindred and special properties. The higher type, PbX,— for 
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!, PbO, — is Xn A chemictl sonso far less stable than the lower 
tfpe, PbX. The ordinary oompounds of bad correspoad vritb tb* 
Utter, uid in nddition to this, PbO, although not particularly ener- 
getic, is still A decided base easily forming basic saita, PbX, (PbO)^ 
Although the compounds PbX, are unstabla th«y offer many points of 
Analogy with tlie corresponding conipounda of tin SdO, , this is Been, 
for inGt&noe, in the fact that FbO, is a feeble acid, giving the salt 
£1iK]0„ thatPbCI, is a liquid like SnCl, which is not aflectM by 
salphuric acid, and that PhF, gives doable salts, like SnF, ot- Sib', 
(Bnuner 1894. See Chapter U., Note 49 bis) . Pb(CjH,), also 
Ksemblea Bn(CtH,), itc. All this shows that lead is a true aiialogae 
ftf tin, &s Hg is of cadmium." "' 

Lead is found in natore in considerable iaa3«es, in the form of 
galena, l-tad itiljJiidt, PbS." The speeilic gravity of galena is T-53, 
colour grey ; it crystallises in tlie regular Bysteui, and has a, fine 
metallic lustre. Both the native and artificial sulphides are irsoluble 
in aoids (hydrogen aalphide gives a black precipitate with the salts 
PbX,)."^> Whenlieatedileadmelts, and in the open air is either totally 
or partially transformed into white lead sulphate, PbSO,, as it also is 
by miuiy oxidising agents (hydrogen peroxide, potos&ium nitrate). 
Lead lulphate is also insoluble in water," and lead is but mroly met 
with in this form in nature. The chromates, vuniulatos, phosphates, and 
■imilnr salts of lead are also somewhat rare. The carbonate, PbCO,, is 
•umetiines found in targe masses, especially in the Altai region. Lead 
sulphide is often worked for extracting the silver which it Gontains ; 
and a.* the lead itself also finds manifold industriftl applications, this 
work is oarricd out on an exceedingly large scale. Uany methods are 
employed, Sometimes the lead sulphide ia decomposed by heating it 
with cast iron. The iron takes up the sulphur from the lead and foniia 



<* Mixed on* of copper coaipnuiidi lognllif-r wilh PbS ud ZnS an fnqncnOjr 
lotuid in Ih* moil uclrnt |iritnu7 cooki. Ai tbe Kptntiao ol Ihs meUli UhukeIx* 
U dLJficul^ the cntfi uv Boparmtod bj t meUiod of pclevtioa or ■r*'^*"'^' iortinf. Such 
mivsd oTBt occur in Buitia, ib 11UU7 ptrt' ot Lho CiiucuDk, vid ia tha DoDeU ditUict 
(■t Nigolchi'k). 

"*■' Irai nilphlds in the pnwoai at tiaa mad hjrdnKhlono Kid li' comfdiiUly 
teduetU ko uinUllic Ind, til Mm •nl|ABC beiag gliv n oil H hjdrosen >ul|ihida. 

•> LHd nil)it»te, PbSO,. o«an la nature iaitfttiti) in truupuwnt brilliuittirrilda 
wliich ara itoinorjitunu iHth barjnin lulphiie. lod hiT* a ipHiBs grivii^ ol DS, TIm 
nmc lalt it fOniwd on miiios lulpbailc uid or IM Hlubia ulta viUi nlutunu of l»d 
Hika, ■■ t, hast)' wliita ptadpilaie, iiliicb ia iimlobia ia nler aod uidi, bnl djiaolfi* 
in a tolnllon ol anmitmiuni tartnta in Iha prnmc* at an ai»n of uamania, Tbia 
iMt Mrvn lo diitinfniah 1U« nit troia tb* ainuUc mIU o( atnmtimu and baifioB. 
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M&ily-lusible iron sulphide, which does not mix with the hMviTraWnl 

lend. Bui another process ia more fre<iuently used : th« teaA one (H nMt 

be cl^on ; that h, tree from urthf mailer, whiclt nwjT b« a»mlj ii 

by washing) is heat«i] ina revt^rb'^ntt^irylsmftoe lo b niMUmaMB|wn. 

ture with a Free accusa of air. l)uhii|; ihi* operation pwt e4 Um 1m4 

iulphide oxidises aitd (orm> leiMl talptule, PbSOu mmI ImJ oswlt. 

When the oxidation of part of tha lead tiu bwn -"■'~^. it I* n 

earjr to shut off the air supply and i 

oxidised compounds of the lead mWr il 

lead sulphide, with formution of ■DlplMUtMUSabydrid* and ■ 

At first from PbS + O,. f bO + SO, tue lonttd, wd tltotnm PU -f O, 

lead sulphate PbSO., and ihcn PbO and PtiHO, rcM't with tb» rmuia- 

iug FbS, according to th« niuatiuM ZPliO 4- PM a 3Pb + SOf wul 

a1«o PbSO, + PUS = 2Pl) + 280,,*' 

The nppearancH of lead U well kno«B ; iU Ifocille grant/ k H^t ; 
the bluish colour and well-marictd mMAlBe hrtM o( IraiMy-Mil |a»4 
quickly disappear when «xpoMd to lb* •fa', t 
with a layer— although a very thin Ufar— 4)1 OxUowid nil! loiwii 
by the moisture and acidi in tb« aUBMpbcn. I* MOlU M >S0*, Mi 
crystallises in ocUhcdra oa cooIibk. Ila mMamt k tfjfanol fM« 
the Sexibility of luiul pipes and Jiwli, and bIm froa lb* fact ifcal It' 
may he cut with a knifp, and aUo that It barto agrwy aUad alml 
rubbed on paper, On aeconnt of tta U<a( w mTi, hail MtwraFly 
cannot be npplicd in many cue* wImt* Huat Krtaif nay Im M«d ) bM 
on the other hand it is a tatUi vUth i» tM. tttiiy iVtrgH bf 
chemical reagenta, and aa il ii e»fMa *4 bciiif uAimtA uti ilrawu 
into aheets, Jul, lead U inoat valtiabU for naay ff^^i^} gc**. I.*^ 
pipes are used for convaying vat«r<* and many otbar Ufoidi, and 



■ OWtI 



dliuWed in Uw Pb, Imliw > ■% mbMbIhc PbO, Pbll w^ flMOp 
oflheludmUliliHolth tha >0, la th* bna of • mb^wU M/),. irlUdi I 
rormed in iitlHr cmm. bia bu aM jM baa llHmi«UT ((Bdktd. 

BtikiM Uww iwUwdi lor ratrMtti bad (no PM ia H* ani, maaUi^ [tlia M 
ol tha S is tba lam (rf BO,) wJ «mU1k( wilfc AaMaal vtUi s Ua<t la Uw 
nuuiet a. la Uu iauaI>c)t,-« g( M im (OuyM ZXILJ an al» aatpUfO. 

Wa Dinir bM HaI cm in <«ilac( vHI Z« and bTirocUoru Hhl l-hub haa ■.■ 
open PbS alooa) atiraljr dunaipoMt, lofmnw H^ and BWUlIu laad I'M • Za • 
•>Pb*ZnCI,tlM, 

&j Uad 1* eaail; radnwd boa M* on*, tat tba on ItwU tun ■ maliillli 
>• not aiuimainc that il ■•• bssn M tb< aartanh, and lUt iU ^<-|M11a 
to Iba alcfaanitta. vho nllW it ' Baton.' Hmdo aiatallii laa4, »4w»4 I 
iraa-llka Buaa gl arriM*, I 
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sheet lead is used tor lining all kinds of vessels contnining liquids — 
(aoidsgforinatance) which acton other metals. This particnl&Tly refen 
to sulphuric and hydrochloric acids, because nt a low tempemtnre thejr 
do not sob on lead, and if the^fonn lead sulphaM, FbSO,,aad ahloridi^ 
FbCt,. tlie»e salts being insoluble in water and in ncids, cover the 
lesd and protect it from further corrosion.** All soluble propuratiaiis 
ot lead are poisonovs. At a white heat lead may be partiallj distilled ; 
the vnpoars oxidise and burn. Lead may also be easilj oxidis^ ftb 
low temperatures. I*ad only decomposes water at a white heat, 
ftnd do€8 not liberate hydrogea from acids, with the excepUoD only 
of very strong hydrochloric acid and then only when boiling- 
Sulphuric acid diluted with water does not act on it, or only acts 
very feebly at the surface ; but strong sulphuric acid, vrhen heated, 
is decomposed by it, with the evolution of sulphurous anhydride. Tha 
best solvent for lead is nitric add, which transforms it into a Boluble 
salt, Pb<NO,)a. 

Although acids thus have directly but little effect on lead, and 
this is one of its most important practical properties, ye( tcAm oir 
Imt/rfS tKcet', hn't (/Hit copper) very ftitil}/ rtaeU toith many aeidt, Avon 
with those which are comparatively feeble. The action of acetic add 
OCL lead is particulariy striking and often applied in practice. If lead 
be plunged into acetic acid it does not change at all and doea not pasa 
into solution, but if part of the lead be immersed in the acid, aOd 
the other part'remain in conbtot with the air, or if lead bo merely 
covered with n thin layer of acetic acid in such a way that the air 
is practically in contact with the metal, then it unites with tbo oxygen 
«f the air to form oxide, which combines with the acetic acid and 
forms lend acetate, soluble in water. The formation of lead oxide is 
especially marked fi-om the fact that with a sufficient quuitity of oil 

Ic^ pipM under the acLiDii of rosoiag *»t«r Kicto beoome «osl«d triih « flloi rJ i>it> 
lv«d mlpbAl^cvrbOTu^oblcridB, ^.— ^hiob ue iuulvbttt in «iktCT|*nd Ihewbtor |iip«S 
ihflD bcfODie hiinnlMi. 

** L«aid ifl qabd in the srti, ukd tr»ij>^ lo Hi oonudsrmblfl deoiitj, it 14 eul, njicil 
•ith unall quutitisi o[ oUia' m»bU^ into (but. A conn'dcratils •nounl i* gnplortd 
[logElhu wiLh iBERBr^r) IB ennuUng gold tad ulrcr from pool ortt, ud id Dm mwiii- 
hetan ol cbemiMl rugiali, imd e*p«iil] j of lead chromul*. LuJ elkmiu(<, PbCrO,. 
h dutinguiflMd lor Iti briUiuit jallow coli^ar, oimi£ to ivbioh it ii ernployed in mnudaf' 
Ma qauililisi h « Aje, miinl/ lor ijviag cDllon liHDH X'llo''' 1< >* fonud on lh> tiicug 
iImU, bj «<u>ng ■ Hloble •*]> of laid la tttiA en polHilnni chtomiiM. Lead chrmwla 
ii melwith in Bttnn u'nd leid ore.' It it InHlubls Id *Kt<t uid wwtia Hid, bal 
it dinalw in (qDHU pctaib. Hic K-Klled pgwtar Tuxla ofEan t»B*ut of ma miJaf of 
B puta ot ttn sod 1 part ol lud. ud Ktilii im conpoHi) nit Uji puta of tin with | put 
ol Imd. Anongit Iha iHoji ol Imd ui! tin, Radbug aUlca Uul Ui« alloir PbEIn, aMBJ* 
out Irom Ihs nal, ainoa, necordlng lo hia abKrvfttions, tin ttmpcnUra ot MlidiAuUoa 

el tko nliDj in ler'. 
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not only is the normal Inad iiceta.t« (ormed but nito tho basic 

Wben oxidising in the presence of air,*' when heated or in the 
presence of an acid at tho ordinnry Icmpernture, lead fonns compounds 
of tho tjpe PbX,. Lead oxide, PbO, known in industry as lUliar^, 
aitberglatte (this name is due to the fuel that silver is extracted from thi 
lead ores of this kind) and massicot. If the lead is oxidised in air at s 
high temperature, the oxide which ia formed fuses, and on coolingia 
easdj obtainvd in fused masses which split up into scales of a yellowish 
colour, haviug a specific gravity of Q'3 ; in this form it bears the name 
of litharge Litharge is principally used for making lead salts, lor 
tho extraction of metallic lead, and also for the preparation of 
drying oils— for instance, from linseed oil." When oxidised care- 

Ths normiJ lead uoUle, known iu l»dii u ngat of lead, owin;; to iu hiving t. 
■VHtfali Uato, bu the lonnDln Fb(C]H,O.,)^H,0, Thii tilt iiiil;r uraUUiieB Itoid uid 
•olutioDi. tl iicapibleal ditulving i farther quutilyol 1«d odds or of metsUic Imd in 
Iha preunoe of lir A buicBilt of Ihs i:omponUoaPh(CiH,Oi)].I'bII,0, ii then [armed 
wbicb Jiiolitblsin irater ind iJcoliol. As in tbisulttbisiiuaibeiofitomaiieveDiuid ILa 
Hine u >ii LhD hydiaK of ucti'i uiil, CHfOj.UaO ^ C,H]<OH )„ it may bs reptsuntcd ti 
tbii bydiaUi in ohich two of hydrogiMi an nptttad bj Ind— IhU i»,u CiU]|OH)(OiPb). 
Thii boair ult it OBcd in medicino av a Tcmedj for LaflaounalioD. for baodafiDf wounds, 
&e., wid alio Is tba maniiractnie of white I«ad Other biuie KtUiet of tcad, 
coDl&iiuDg a fetiU gnwlar amoanl of lead otide, ara known- 



« property of lb« bau 



d b« alio po»jb1a, bnl 

racUr ul a ull alio d . 

>Dld Been] that tead (omia a bjdroiid 

,ter reaiduea, ODv ot both of which nay ba replaced by tha 
eid ni>ida». If both wat« raaidiua ar« repl*ced, a oomul aalt, XFbX, is obtained, 
hilgl if only ooa ii replaced * baaic »]I, XPbOH, is fomtad. But lead d<H> not only 
ive thiaDormathydrDiida,bataJaapolybydrotidea,Pb(OH),nPbO,aDd ifwa may imagine 
lat in theie polyhydroiidxa there i> a lubititutioD ot bolli the water Teiiduei by uid 
■ ■ iftd by the propertioa of 



poiilion (C,HjyO,Pb|i 
aaJU are known. As thi 
tram which rt is fomiDd, 
aoPbOH, canUiDing ti 



baae whirb enWrs into their con 

» Few compoundi are known o 

tiaU type PbXi To the Enil type belongs 

led bjthe>goili<n]DlIe«dDtiilal«.C,PbO,,wilhoi; 

cfa easily breaks up nnder the actiou of acids, aoi 






be tagardsd as independent s*lt- For 
lead which eontain more oxygen tb. 
PbO,. As we shall aae. at lasit ti 

4D ondo having the compoaitioa PI 
acida ioto lead onde. which paaaes 
Such is red lead, fSes fnrUier on.) 

*" In the boiling of drying oils, 1 
a uponified eompaojid capable of 
which lortna the.oil paint. Ferbup 

OiHTetaky by satonting dryii 
Caloari of great dimbility, 

A mirttire of very fLaely.dlvideH 



■till fewer ot tho inter- 
>iul suboijds, Pb^O, ob- 
iiof air. It isa black powder, 
by the aimple action of heat, 
all suboiidee. They cannot 
1 those forma ot ondation at 
ide of lead. PbO. and lass than the dioiidfl, 
smpousda are formed. Thos, for esample. 
own, bat it ta decomposed by tha action of 
ion, and lead dioiide, which remains behind. 



Hides, 



Hide pvUnll; puses mt 
! oiygen «id loHdifjing i 
it, glyeeriae partially ac ' 



0, Ion 
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{all; And alighttf heated, lead fomis a powdery (not fused) oxide 
known under the imnie of TiuisnicoC, It is best prepared in the 
laboratory by lieating lead nitrate, or lead hydroxide. It has a 
yellow colour, and diQers from lithnrge in the great«r difficulty wiUi 
which it forms lead Balls witli iLCiits. Thus, for instance, when 
masiicol is moiateiied with wat«r it does not attract the carbonic acid 
of the air so easily as lilhai'ge does. It may, however, be imagined 
that the cause Of the difierenen depends only on the fonuatlon of 
dioxide on the surface of the lead oxide, on which the acids do not 
act In any ca»! lead oxide is comparatively easily soluble in nitric 
and acetic acids. It is but slightly soluble iti water, but coin- 
nunioatea on alkaline reaction to it, since it forms the hydroxide 
This hydroxide is obtained in the shitpe of a white precipitate by the 
actJOQ of a small quantity of an iilkali hydroxide on a solution of k 
lead salt. An excess of olknli dissolves the hydroxide B«parated, which 
fact demonstrates the comparatively indistinct basic properties of lead 
oxide. The normal lead hydroxide, which should have the composition 
Fb(OH),, is unknown in a separate state, but it is known in combina- 
tion with lead oxide as Pb(OH)„2PbO or Pb,0,(On),. The latter 
is obtained in the form of brilliant, white, octahedral crystals « hen 
basic lead acetate is mbed with ammonia and gently heated. The 
basic qualities of this hydroxide are shown distinctly by its absorbing 
the carbonic anhydride of the air. When on alkaline solution of the 
hydroxide is boiled, it deposits lead oxide in the form of a cryatalUne 
powder. 

Lead oxide forms but few soluble salts — for instance, the nitraU 
and the acetate. The majority of its salts (sulphate, PbSO, ; carbonate, 
FbCO, ; iodide, Pbl„ &c) are Insoluble in water. These salts are 
colonrless or light yellow if the acid be colourless. In lead oxide tht 
faiadty affirming bono lalU, FbX,nPbO or PbX,nPbU,0„ is strongly 
developed. A similar property was obeerved in magnosium and alau 
in the salts of mercury, but lead o^de forms basio salts with still 
greater &cility, although double salts are in this case more rarely . 
formed.*' 



Buhydrcni glycerine) Ion 



s YBT3 hhIuI in ne 






. Tb* budcnine i% 



too mtnuMi) HttlDg cemnii 
ting ap ohfmiail •ppanlui. 
MHd on uw rcMbon of tlis l«ii onile sith gl^rcrina (MonfMr) 

*• U [■ •« ry Initiactivg la obscrvg Ihd Iwd not onljMxilr fount bMJo Hita.bul alio 
■slU (yinlaining Hrcnl acid groDpa Tbu. foe cuapli, lead ccrbooate o«im in niOan 
•nd (onni oenipaaBdi with iMd cUeride ud lolpluM. Tlig flnt compaund, known as 
conHoui lnid,flmigetiiU.iitit the coiniKoltion PbCO,,PbCI,i iloccoiiin nstnnln brl^ 
Csblnl ciTtUli. and ti pirpued utiflciilly by uaplT baaing letd nhloride iirlUi UtA 
esibouM. A (imiUi oampouud ol normil hII*, Pb80,jPbCOj, o«ur> Id astOM as 
ttnnktU In DwaocliBio oriMh. LtnihMOt contra* PbaO(,S7l>COh ud ■!«« o««iifs 
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AnioDgst the soluble lend suits, that best known and oiost often 
applied iu pracliual chemistry is lead nilratt, obtained directly by 
dissolving lead or its oxjde in aitric acid. Tbo Borinal salt, P1){N0]),, 
cryKtallises in octahedru, dissolves in water, and has a specific gravity 
of 4 '5. When a solution o( this salt acts on white lead or is boiled 
with litharge, the basic salt, bavmg a composition Pb(OU){NOj), is 
formed iu crystattine needles, sparingly soluble in cold water but easily 
dissolved in hot water, and therefore in many respects resembling lead 
chloride. When the attrat« is heated, either lead oxide is obtained or 
else the oxide in combination with peroxide. 

Ltad cidoride, FbCI,, is precipitated from the soluble salts of lead 
when a strong solution is treated with hydrochloric acid or a metallic 
chloride. It is soluble in considerable quantities Ln boC water, and 
therefore if the solutions be dilute or hot, the precipitation of lead 
cbloride does not occur, and if a hot solution be cooled, the salt 
separates in brilliant prismatic crystals. It fuses when heated (like 
silver chloride), but b in^luble in atnnionia. This salt is Gometimea 



\fd, beciiUMi II is Tsr; piobabl* thiu Iheii (ocuutlDa is iiIIhhI to tlm (ormkliga of lbs 
buK uttB, t,ni tke fQlloving eoniideiatioui usy Isul to the etpUnntioo ol tha eiili- 
enca at botli. Id dombing ulio »c orefully developed the coaceptioa ol potyinciiu- 
boa, irhicb it it also indiapensablt to retBgniie in th» compoiition 0/ monjr olhr 
titijil Tbiu It Quy be luppoied th^t PbOg la > B^milu palymcnwd compound la 
SiOi-i^. that the composition ot lend pcroiido wUI be Pb,0.,., hconu lead methyl, 
PbHe,. ud iMdetfajl, PbEt,, VB TOttlile compounds, whilttPbO, it noa-T0latiIe,«ud U 
rerr like liliu in Ibia mpccl. u>d not in Uio leiisl lika urbDuic uhydnde. Still oian 
ehonld ■ poljnisni: ilnicluie, Pb.0.. be ucribed to lesd oiide, lince it diOcra u lillte 
liom lesd dioiide in lU phjsieitl propertin M cubonio oiidii doe* trom eiLrbanIs 
■tihjdnds. uid being to unsBlimled compound is more likely to be capsble ol inlar> 
comhiiu.tioD {poljcurii&tion) thjui lead dioxide, Tbeia considonlions respecting >bA 
oomplemty ol lead oiide could bttve no nsJ sigDilicuice. and coutd not bo accepted, vere 
il nol for the ecisleoegol the ibove-mentioDed buic uid miiod salts. The oiide cppuren tly 
comBpands irith the oompoiition PbnIE,., and natB. according to this reptescntatioa, lb* 
aomber dI X'a m Ibi laltt of load it coDBiderable, it ia obvioua that they may ha divina. 
Whan a partol Iheta S't isTaplacsd by the water nsidiie(OH}oi byoiygen, X,»0, and 
tha other parts tiy an atid r#Biifue, X, then basic bolts an obtained, but il q p4rt nf the 
X't is replaced bj'aeid reRiduesof onakind, and the other part by acid residues of another 
luud, then those miied talu about which me are nou speaking are tormeil. Thoi. for 
uample. we niay anppoaa, for a comparisoD ol the compoailion at the mnjnrily of the 
aalle or leuJ. thai n ° la, and then tha abone-taenlianed oonipounds will prctenl tbem. 
talvee in Iha following lorai :— L«d oxide. Pb,^„. its cryslalUne hydiale, Pb,,0,IOH)i, 
lwlchlo[ide,Pb„ClM,laad oiycUoride, Pb„CI|,Os,theotherotychlaiide,Pb|^OH )^l,Ot, 
toeadipite ^^ft Note SI ). Pb,^I.O,. nonnal lead ntbonate, Pb,^CO,)ib i^rystalliM buic 
•all. l-b„(OH),(CO,W while Irtd, Ph,JCOjl,(H0)„ comeont lead, Pb„Cl,^COjt„ 
ianailile, Pb.^COjl.iSO,),. leadhiU.lo, Fbi^COiWSO.jj. He The nombec l» iionly 
taken, lo avoid Iractional qnanlitisa. Poawbly the potymeriiaUan is much higher than 
Uiii. The tbe«T oF tlia pDlyraariiation □( oiidirt introdnced by main the finteditiiMal 
Ibi* work (1B69) ia bow luginaiag lo be generally tfcepWd. 
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met with ia nature, atid when beat«d in a.ir is capable of «X(£iuijpng 
half iu ohlorine fornxygeo, forming the basic Eolt or lead oxjchloride^ 
PbCljPbO. which may also be obtained by f osiiig PbCl j and PbO together. 
The reaction of lead chloride with water vapour leada to the sain« 
conclasion, showing the feeble basic character of lead SPbCl, + H,0 
sPbCl^FbO + 2HCI. When ammoDi&ia added to an oqueoas (olutioa 
of lead chloride a white precipitate is formed, which parts with voter 
on being heated, and has the compoaition Pb(OH)G,PbO. This com- 
poDod ia also formed by the action of metallic chlorides on oUier *o]itblo 
basic salta of lead." 

Lead carbonate, or vAitt lead, is the most ext«nsively used liana 
lead salt. It has the valuable property of ' covering,' which only tc a 
certain extent appertains to lead sulphate and other white powdery 
cabetances used OS pigments. This faculty of 'covering' consist* in 
tlie fact that a small quantity of white lead mixed with oil ^reads 
nniformly, and if such a miitare be spread over a surface (for instance^ 
of wood or metal) the surface ia quickly covered— that is, light does not 
penetrate through even a very thin layer of superposed white lead ; tbo^ 
for example, the grain of the wood remaiiis invisible.'' White lead, 
or batU lead earbonait, after being dried at 120'',-ha5 a composition 
Pb(0H)B2PbCO,." It may be obtained byaddingasolutioa of todium 



I 



s ( tnbultale (at 
buic le*d Ac«tttfi with a ulutioa at 
e eqanlion; aPbX(OH)JbO+PbCl, 



•I A HBulir buio hU tuTing » vbile colmr, ud (hen 
whit* IcAd, ia Alk> oMftioed bj mixing.ft ulation oF buic 
]«Ad cLloride. lt« lo rai ttio n i« expreiwd "by U 

-9Pb(0H)ClJ'bO + PbS,. Siailu buis anapoanas of I911I uc mel wiUi tn uton 
—for imUnci!, Bienrfijnf«. PbCI,aPbO, whidi kppeui in brlDiuit jdlowiih.whiu 
niaM W . Tbe ignition of red le»d wilh B*l-VDiiioDi*c revolti io unuUr polybAaao 
oomfoimda of lead ohlonde, (oTmiDg the CoMMeTi, or mineral yeUaif of the compHil40& 
PbOjitPbO. £eul io<l>&,PU^ia (till Ie*a.HlBble ttwn ilu di]i>nd<muid i> tbontora 
obtainei] b; miiiiig poUuiiuB iodide vilh * nolntioa of it lead ealt. II eepante* a* a 
jellow powder, which ma; be diuotved Id boiling water, m.oA on cooling Bcfiaf«bea in rerj 
bdOiaBl crrHaltiiM taitt at ■ goidqn y«lIow eoloni. Thi aalU PhBih PbPt. Pb(CN), 
Pb^e(CII)^ an alao innloble in water,' and torm while precipiUte*. 

•'IliiiamaikablelbaiapMaliar kind of atlncUoo eiiita bftwen 
DO and white lead, u ii aeeo bom tha fallowing ciperiinHnU. While le 
innbez. AJthongh it ia heairier than water, ii rerouoa in nipeouoa in it for iome time 
tad it thoTooghif fdaiatuied bjr il, ao that the tritiifKtion mmj be made perfect; boiled 
liBwed oH ii then added, and ihakcB np with it. A mktnre ol the oil and while lead ia 
then loDnd (o aetlle at the bottom of the leuel. AllhougE Ihe oil ii mach lighter than 
tb* water tl doe* not float on the top, bat ia relainsd bj the white load and dnka mdw 
the water Icgelher wilh il. There ia not. haweier, any more perfect combination nor 
•fan uj aolntion. It the remlUnl nuea be then tiealed with elhu- or an; other Uqnid 
cap*Ue at diaaolTing the OS, the Utter pusei into aolotion and Imtci the white lead 
tmalt«red. 

» It maj be regarded sa a ull correepondiBe with Ihe nonnal hjdrate of eaibonio 
add, C(OH)i. in which Ihrce-anuten of tbc hi'drogcn iareplued bjlead. A aall iimlM 
kncfwu in which all the hjdnigeD of thii hrdnte of carbonic acid* ia replaced b; lead— 
naoulT.tha idl caateinlBg COtPbr. Thii aalt ia obUinadM a white crjaUlliiM Hibt 
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OArboiiate to ft solotiOQ of one of the basic ults of lead — for iiutaQce, 
the basic acetate — and likewioe by treating tbis latter with carbonio 
acid. For thb purposs the solution of basic acetate ia poured into tho 
vessel/; it is prepared in tbo vat A, cootaiDing litharge, into which 
the pump P delivera the solution of the acetate, which remains after 
the netion of carbonic anhydride on the basic salt. In A a basic salt ia 
formed having a composition npproaching to Pb,[OH)^(C,H,0])] ; car- 
bonio anhydride, 200,, is passed through this solution and precipitates 




»hit6 lead, Pba(OH),{COj)„ and normal lead acetate, Pb(C,HjO,)a re- 
u the solution, and is pumped bock into the vat A containing 
lead oxide, where the Donuol salt is again fon being agitated) converted 
into the basic salt. This is run into the vessel E, and thence into / 
Into the latter rarbonic anhydride is delivered from the generator D, 
And forms a precipitate of white lead.'" *" 

In order to mark the transition from lead oxide, PbO, into lead 
dioxide PbO, {plumbic anhydride), it is necessary to direct onr 



nioo p( witor «nd (afbonio Mid on l(»d. Thnnonnal B«ll,PbCOfcO«ui« 
T tbo Bune ol irlulg lead ote (ap. gr. B<1], in cijiUl*, iiomarplwiu mUi 
is (onned bj the double derompoiitioD ol letd nitnte irilli aoOima cu- 
boDitc, u ■ he»j white pF«ii<iltl«, Thug both Uwb« ulte nKcmbla wbiM leul, but 
Ihfi fiFftt-namod uJt iu cicliuively used ia pmeticA, owiDg ta An beiji^ TeT7 couTenienlljr 
poptnd, luid being chanctutied b; its greftt coienng upuilr, or ' bodjr,' due to it* 
' Ute ot diTieion. 

'*■ Due of the moDj methoda hj which white lead la ptrpared conilBli m wtit^nj 
jziA or hdgBT of lead, uid leaTin^ the mixtarii alposcd to sir (ud 

M by the buic lilt tonned. Alter repe&ted miiiage ('itfa the iiiditioD ol wtlsr), 
UYStad iotc whilo letd, which u tbo* «btiuied wj fliielf dindad. 
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Atteotion to the intermediate oxide, or red had, Pb^O^.^' In the arts 
it is used la considerable qitnntitiet, because it forms a very durBbl« 
yellowisb-red paint used for colouring the resins (shellac, crJophooy, 
rtc.) composing sealing wax. It also forma n very good cbeap oil 
paint, used especially for painting metals, more partieolnrly becauie 
drying oils— for instance, hemp seed, linseed oib — very quiclcly diy 
with red lead and with lead salts. R«d lead is prepared by slightly 
heating massicot, for whiub purpose two>Btoricd stoves are tiMid. In 
the lower story (he lead is turned into massicot, and in ihe higher 
one, having the lower tempemturo (about 300°), the massicot is trans- 
formed into red lead. Frrfray and others showed the inBtnbllily of red 
lead prepared by various methods, and its decomposition by acids, with 
formation of lead dioxide, which is insoluble in acids, and a solution 
of the salts of lead oxide. The artificial production (synthesis) of red 
lead by double decomposition was roost important. For this purpose 
Fn^my mixed an alkaline solution of potassium plurobate,K,PbOj (pre- 
pared by dissolving the dioxide in fused potash),'* *■'' with an alkaline 
solution ol lead oxide. In this way a yellow precipitate of minium 
hydrate is formed, which, when slightly heated, loses water and tarns 
into bright red rtnbydrous minium Pb^O,. 

Minium is the first and most ordinary means of producing lead 
dioxide, or plumbic anhydride, FbO,,^^ because when red lead is 

** II Iwd lijrdmtda be diuolved in potuh uid •odium hypochlorite l<« addsd tn 

ths (DlaUaD. tha Oiygen of tbs Ult«r uti on ILc digulifld lud Dijile,>ind putlklly 
MiiyerUil <ntudloiid», id tbsl ttio iB-ulled lud Hfqaioitds ii obtuniHl: lU empiric^ 
iariDDlii i> Pbfii. PfhMj il ii nothing but ■ letd nit— t.r. ia nlsiible to tho ijpa of 
dioiids ot ItMd. or it* liydnwiile, PbO(OH)^iii Mbich two utoini of hjdn^en arc rBplued 
by lend, PbO(0,ni). Ths bnwn compoDDd pr«ciirititt«d bj tb> ution ol dilnle tait— 
■utiio — upliU np, avni ^t U» oidinuy Innpvnturei, iokn iaulubU l«d 
Klalloo of • lud Mil. Thii'wmiiDuid srolTcioiygBQ irheD il ti h«M. 
Il dinol'ei in hjrdKKblocio uld, fanning i. yallow liquid. Khich prabubly conUim torn- 
Da^d* ol the compoiiUon Pt)CI, tnd PbClf, bul erin M Uu ocdiuriT tempcnLtOB Ih* 
itl« KOD low> Ibi ai»u oi chlorine, uid tbeo onlj' iMd cblorida, PbCl^ tBnuLJnii. Ia 
«rdfir Uii»elbe nlfttion bfrlvwa rod lend uMTIoid Kiqiuraids, it inavl bflobiarYod tiu% 
Iboynnl]' diflai by ju eitn quMiUty ullud Diids— Ibil la, rod load ia ■ bade aiJtaltiM 
prscodiog conpoundi mid il the csmpouBd Pb^j may ba ngwded ■• PbOjPb, (ban nd 
Jsad ahsnld b< lookid on na PbOjPb,PbO— tUt it, u buii> Itod |ilanib<i(a. 

">>>■ Pii^in; oUainsd patuaiun plninbato in tba loUotrlng DUBB«t. Pun Ind dioiid* 

ia placed in k hItoi cmcibls, and ■ mtrong aoIntioD ol pan eaaiUe poluh Ii poand om 

Tb> miilon iahuUd Mid uniill quuititica (nniaorod ftoca Uuw to tims tortxUnr, 

'-'-'- contiaU is dJaaoNlng in ■ amall qaulityof nUtuid dseoBipHiiig Iba nanltuit 

« with nitrio add. Then iaacvtsin miimsntdnriD|Ui*hullng*h«iB«]naida. 

out af iniolnbti load dioiida i> p»d|iitat«d on lb* addilion <il tbo nitric acid ; 

ioD then conlaiu tbs ull in qa«Uiiii. and tha haatisg onit b* atoppad, and a 

ounl ol vatcr added tn diauilvc lb« polaaaiooi plumbale tonniid. On oooUi« 

icpuatn in aomawhat larga trjatala, whieb hiie U» lams oompwiion aa tha 

-Ibat i>, PbO(K0)^H^. 

" Load diouda la oftan called lead paroiida, bat Uiia nana Itaj) (o >mr, htranw 
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treated with dilute nitric acid it give? up lead oxide, and PbO, remains, 
on which dilute nitric acid doea not act, The cotnpositioD of minium 
is Pb]0(, and therefore tiie action of nitric acid on it is expressed by 
the equation : Pb^O, + 4HN0, = PbO, + 2Pb(N0,), -t 2HjO. The 
dioxide maj also be obtained bj treating iRad hydroxide suspended in 
water with a stream of clilorine. Under these conditions tlie chlorine 
takes up the hydrogen froui the water, and the oxygen passes over to the 
lead oxide. '^ When a strong solution of lead nitrate is decomposed by 
the electric current, the appearance of crystalline lead dioxide is also 
observed upon the positive pole ; it is also found in nature in the form 
of a black crystalline substance having a specific gravity of 9-4. When 
•rU6cialiy produced it is a fine dork powder, reaisting the action of 
ftcids, but nevertheless when treated with strong sulphuric add it 
evolves oxygen and forms lead sulphate, and with hydrochloric acid it 
evolves chlorine. The oxidising property of lead dioxide depends 
of course on the facility of Us transition into the more stable lead 
oxide, which is easily understood from the whole history of lead com- 
pouods. In the presence of alkalis it transforms chromium oxide into 
chromic acid, whilst lead chronaate, FbCrO^, is formed, remaining, how> 
ever, in solution, on account of its being soluble in caustic alkaliii. The 
oxidising action of lead dioxide on sulphurous anhydride is most strik- 
ing, at it immediately absorbs it, with formation of lead sulphate. 



ID oi bartiim pnrgiidH, 



I 
I 



PbO, d«> not iholr U» prop«rtm at tiuii p«roiul«a, ' 
bul ii iradowed with tcid pmpottiE^-^tbat is. Ft it al 
vbicb i« notUi6cu«i*iUi trUflpeix^iJi^a. Lixfcd Jiotide la & dottda] t*lt-farniin£ com- 
paaD4DllMd,uBiiO,iiriirbiiinDUi.C(0,(oc«riiim.uidTeO)l«teUuiIiuii,&e, TbajaD 
•tolvc cUorint i>li«9 tmtcdirith hjdtiKhlario acid, vUlit Dua paioxidu Inns Ivdngui 
pHtmSde. Tlw Irua Ja*il pemiide, it it y^n abhuoed, wMil'l probtbljr hsiii tlia sDmpod- 
tien Pb^h or, in (nmbinslion wilb paroiida o( Ujdragin, H^Pb^-HiOg^PbiOH 
Jnlging frontfaa pmnidiM oorreapomtisg wilb «i1pUBrie,eI)nimici,<m(laUwtacldi,i>M«fa 
wt fttuU Atlerwards wnuder. 

Aa k pn»( of Uie UcL, Uwl the lorm PbObor PbX,. U U» liighnb naimid f«u ol g^y 
coxabinBticiu of lend. It ii moat impoTUni to remuk tbut it migbl bu eipecUd tb^t th« 
bcUdd d lead cUoiide, PbCl,, on ilnc-Etbyt, Zn£t,, vaaM ninlt in UiB (omulion o( 
•iBCcUandg. ZaCii. and I»d-etbj1, Pb£t„ bnt UiM in mlily Uw reution fooaeda oUicr. 
wio. Uill ol tbe lead i> aet free, ud lud tctrclfarl. PbEtj, it fomiid u ■ cmloiuleBa 
liquid, bailing mt KboDt W0° (Butlnofl, FruihUnd, Bnckton, Ckhoan. and olhcrii), Ths 
tnx PbX, i( not only.eipraiMd in PbEl, and PbO„ but tin In PbF), obUined b; 
Brftunn. 

" Accoi^ing to CamelloT uid Walkar, Iha hyitAle [PbOi)„U,0 ia Iben locmed; It 
loaca waUi ftt asO°. The anhydrona dioiide irmaiaa nnchugod op to S80°, uid la than 
SOBTarttd Inlo Iha asqnimida, PbjOj, vluch ngEln loiat taygaa at aboDl (00°, and fiicini 
lad laad, PbtO,. Bad lead alia loau oxTgen at aboal frW, fonning lead aiida, PbO, 
which luica withont change at about 800°, and remaini ccnalant aa lai a> the timll at 
|ha obawratioaa made (about 800°). 

The beat w****^**^ for pteporing pnro Icjhd diotide oonaiHta in nuiing a hot aoloiiwi ol 
liad dilorid* irilli • ■olatlan of blaaohing powder (FduDiaB). 
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Tliia is ncROiDpanied by n Hiange of colour and development of hMt, 
PbO, -I- SOj = PbSOj. When (riturnWd with sulphur the mixture 
explodes, the sulphur burning nt the cKpoii&e of the oxygen of the l&td 
dioxide. TetracMoride of lead, PbOl,, belongs to Iho sume olass of* 
lead compounds as PbO,. This uliloride is formed bj the Kclion of 
strong hydrochloric acid upon PbO,, or, in the cold, by passing a streau 
of clilorino through water containing PbClj in suspension. The resul- 
tant yellow solution gives olT chlorine when heat«d. With a solution 
of sal ammoniac {Nicolukin, 188j) it gives a precipitate of a double 
salt, (NH,)^FbCl6 {very slightly soluble in A solution of sal ammonino). 
which when treated with strong sulphuric Eicid (Friedrich, 1890) gives 
PbCl( osayollow liquid sp. gr. 3-18, which solidifies at — 18^ nnd when 
heatod gives PbCl, + Clj. It is uot acted upon by H,SO, tike 8na,. 
TetraAuotide of lead (Braoner) belongs to the same tlasu of compounda, 
it easily furuis double salts and decomposes with the evolution of 
fluorine (Chapter 11., Note 49 bis), ^"i' 

Amongst the elements of the second ftnil third groups it was 
obsor>'ed that the elements wero more basic in the even than in tba 
uneven series. It is suHicient to remember calclam, strontium, bud 
barium in the even, and magnesium, zinc, and cadijiiura in the uneven 
aeries. In addition la this, in the even series, as the atomic weight 
increases, in the same type of oxidation the basic properties inoreaN 
(the acid properties decrease) ; for example, in the second group, calciura, 
strontium, barium. The same also appears in the fourth and all the 
following groups. In the. even seriea of the fourth group titanium, 
lirconium, cerium, and thorium are found. All their highest oxidea, 
UO], even the tightest, titanic oxide, TiOg, have more highly developed 
basic properti^ than silica, SiO„ and in addition to this the basio 
properties are more distinctly seen in zirconium dioxide, ZrO,, than 
in titanic oxide, TiO,, although the acid property of combining with 
b&aes still remains. In the heaviest oxides, cerium dioxide, CeO„ And 
thorium dioxide, ThO,, no acid properties arc observed, these bdog 
both purely baaio oxides. In Chapter XVII. (Kote 43) wo atrewlj 
pointed out this higher oxide of cerium. As the above-men tjoned 
elements are rather rare in nature, have but little practical applic*- 
tioD, and do not pi-esent any new forms of combination, it is nn- 
advisable to dwell on them in this treatise. 

Titanwm is found in nature in the form of its anhydride or oxids, 
TiO,, nixed with silicon in many minerals, but the oxide is aUo found 

lit, DienlionixJ ia Ouplcr UI. NolaT. 
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separately in the form of semi -metallic rulUe (sp. gr. 4-2), Another 
titanic mineral is found aa a mixture in other ores, known as litania 
iron or: (in the Thuensky mountains of the southern Ural ; it is known 
ai Ihuenitf), FeTiO,. This is \ talt of ferrous oxido and titanic •nhy- 
dride. It crystallises in the rhombohedric system, has a. metallia 
lustre, grey colour, ip. gr 45. The third mineral in n-hich titanium is 
found in cansiderable quantities in nature is splient or lilanilt, CaTiSiO, 
= C«0,SiO|,TiO,, sp. gr. 3*5, colour yellow, green, or the like, crystal- 
lises io tablets. The fourth, but rare, titanic mineral is perofftkite, 
calcium titanate, CaTiOj ; it forma black! ih -grey or brown cubio 
crystals, sp. gr. 4-02, and occurs in the Ural and other localiliex. IC 
may tie prepared artificially by fusing sphene in an atmosphere of water 
vapour and carbonic anhydride. At the end of the lost century Kkp- 
roth ibowed the distinction between titanic compounds and all others 
then known." 
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I 






p, diiwlTsd in cold » 
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be tuilj parLB«d, < 
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I arfl genoimllj oblAioed fron 

■moonl or uid poUuiom lulphiti. aniil I1i« (iUnio 

■«■ iBta aolatiDn. AfUi cooling. Iha nanlUnt nuu it 

ir, Mjii trul«d inlh unmaniqm hTdronnlpbidii i ■ bluk 

'ram the lolalian ThJt pncipiUiU conttini TiO, (u 

llkta) wid nrioDi neUUic luliihidu— Icr oiunpla, itoD anlphida. U i> flrit iruhed 

h iralatuid th«a with * lolulion af ■ulpburooa ui]i)rdrid< onlil it bacomea calourlcu. 

iii*daa iotheiron talphidcmnUuadialha pncipiUU, u^d iBTidaring iiblotk, hvxn^ 

inrtod into diUiiontle bf Iht tctian ol Uu tnlphnnai uid. Th< liUnic «id Ult bebmd 

isulr pan. The foniidarablo loUtilit]' of tiUniam cblotids m^j dto b< Ukea adTu 

L Imni nililcf U ii ttirmtA b}> henting ft 

!ui ditliltita ibaa coutoin* tttamam ekla- 

tihuingieoniUBt boiling paint of lSfi° 

d.wluch hiin«iD(bc iur,»d it partFcU}- 

OD litutio chJoidii ft Lftrg* 

proportion ot tiUnic uid Bepftrfttfii out from tbe ulution ftnd pfttua iato pwtftlilvuo ftdd- 

A wmiUrdecompiHltion of vid lolutioni ol tiUniD ftcid i* mompliibod itlKna'sr Uhtj 

an heftted, ftod wpKiftU; in ih« pnnnci of lulphoric ftcid. jut fta with nstaaUniuo 

acid, wbich tlbwic Kid r«enib1<> in mftoy nipecli. On igniting th< titanic acid a 

CBlourlfu powdu of the vihjdndi. TiOi. i> oblftinnl. In this tarm it is no longer Klobis 

hued with ft coniidcnbU cieoH of ftcid potaaiium aulphfttv — that ii. i( then ttacla a* a 
fegbls bau. Thisibowtlha baaii ohanotorot titanic oobydrida: it huftlaD»,Bl(])aiig)i 
Ittblj davelopad, botb baiic and aoid properliai. Th* liued maaa. oblained tram titanic 
Wihydndeftnd atkftli wben traated iriili watar, parta wilb iti alkali, and * naidna iaoblainad 
ol • tparin^r-Kl'ubla polx-liUnata, K^TiOinTiO). Tba hrdtata. which la preeipiUled bj 
•BUDonia bom tha ulgtiona obtainad bjthe fuiionQlTiOi aitbicid pelaaiiiUD ndphat*. 
wbeudtiadfonDaanainorphoDiinauof thaiwmpo«tioiiTi(OU),. ButitloniwataroTar 
inlpbuiic acid, gradiisllf paaiing into a hydnta ol tba componlion TiOlOU)^ and when 
htalcdit parti with a itiillargarpiopoTtioD of water 1 at 1(KI° tbabjdnlsTi,0ilOH), ia 
obttinad, and at SO0° tha anhydride ilaatf. The higher hjdralo, TilOBIi, i> lolDble in 
dilDla ftcid, ftnd the Klation may ba diloted wilh water; bnloo boiling Ihs aolphuric acid 
•olnlioB [IhodghDOt lh« 1010(100 in hjdiDchloric acid), ftU tha titinieacid laparfttcam 
ft iBo d lfl«d form, wbicb ia, bowarar, not onl j iuaolabla ld dilvta acida, but vraq iji itroog 
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The oomparatively rare element liroonttiBi, Zr = 90, ia veiy sttnilar 
to titantum, but has a more baaic character. It is rai 
thaa titaiuam, and is found principall; in a mineral called tiretm, 
ZrSiOi = ZrO,,SiO„ crjataliiaing in aqu.ire prisma, ep. gr. 1'5. It hoc 
COnEiderable hardness and a characteristic brownish-jellow colour, and 

(Qlpli uric Kid. Tliia h^rdtil* lu* t!>s eoinpoiitteD.Ti,Oj(OB)f, botihowi dinereatpre- 
pertiii from tbo» of the hjdnte of the aima «Hnpa*itioD dcBiibed kboro, kad thenftm 
this tnDdiBed hTdnle ia nollad nmialitaTiiii acid. It i< DtiMt impaiUnt in noti ttu 
prDp«rtj of the otdiakry ^Utfnoai hydnto (thkt pncipit&tBd from tioid wdDtioai bj 
•mmonik] of disw^viag in acida, tho moro so iibce ■iljoh doei Dot «boir thi« proper^. 
In thia |irojierty a Inuieitioii kppatentJy kppekn botwaeo th« caa«a of oouunaa wtlntiOB 
fbucd on ■ iHpuity for miBUj>lD nambuuLtionl and the cbh oI Ihn faniutiaa dI ■ 
hjdtmol (the iDlobilitr ol genokoium oiids, OsOi, peihkpi pmrnta uiollier toA 
inriknc^*). If titooliua oUoride bo kdded drop bj drop to k dildtq tolntiOD ol klw^hinl 
and hjdrogeD peroxide, And then BOuacmLk be ^ded to the rewttujt eolation, k jtOom 
pndiHtal* of iifanf um trioxide, TiOtBgO, Kpuslet oat. k* Picofoi, Weller, ind CIhhd 
■howed. Thia aubitwce appucnll; belongs to tba cktcgorr of true peraiide*. 

Tiluiam cUohde kbiorbi unmonia uid lotma k compoiuid. TiCI,,tNas, ks k red- 

Bilridt, TijNj. FhoaphDretlad hjdrogkn.kjrdroefkiiiii koid, knd nuny iiimiUr compouDd* 
are klK kburbed b; litaDiDiD nhlorids, irilli the erotalioii of « coDudenble knuninl g( 
best,' Thus, fur eiunple. k yellow ciTitalline powder of tlie oompoiition TiCli^HCH 
li obtuJiied by pkaaiDg dry hydrocyuic kcid npoar inlD cold titkiuimi ehtortd*. 
Titkainm chlortde ooiii)niie> in k ajicilkr muinKr mth cyknogen chlo 
poutkcblunde. knd phoepboma Djiychtotide, loTTning molecaJkr oomponnda, (or m 
Tidi^FOCli. Thi* facolty lor forthei combimtion prabmbly atuda ui canjHCtioti, on 
the one hud, <*ith Hie ckpkoity of IJUniom oiide lo gin palytilsnktM. T>0(MOh.(iTIO| 1 
va the othar hkud. il oomipODda with the kindred iHnltj oI (tannic chlorlds I«t IlM 
foncBtion of poly-compoiuida (Note tl)^ knd laatlj it ia probably related to tha muib- 
■ble behariour of titaninlD loKarda nitrogen. HelkUic liCaniiun, abUJBad a* a gnj 
posduby redacingpotaaiiu»titkBoaaande.K,TiF,, (ap.gr. S-HK. Habnknim),inlk 
iroo ID ■ ohireoal imiable, oanWnaa dimlly with nitrogvo at a red beat. If titania 
anbyilride be igoiMd in a atream ol •mmoDia, all the oiygton of the (itanie oxO* ia 
lengagod, and thaeomponnd TiNf UfonDedaaadaikTiolet aabitkneahkTin|kOCi|IVM^ 
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is occnsionally found m the form of transparent crystals, OA a precious 
atoms called hyacinth.'" MeUllic zirconium was obtained, by Berzeltus 
and Troost, liy Iho action of aluminium on potassium «in:onofluoride in 
the Binie way that ailicon is prepnrect ; ft forms a crystalline powder, 
aiinikv in nppeamnco- to graphite and antiruony, but having a very con- 
^idiirable hardness, not much lustre, sp. gr. 4-)5. In many resprcts it 
i-esenibles silicon ; it dooa not foJicwhcn heated, and even oxidises with 
difficulty, but liberates hydrogen when fused with potash. When fused 
with silica it liberates silicon. With carbon in the electrical furnace it 
fonus ZrC-i, with hydrogen it gives ZrH, (like CaHj, ^^nnkler. Vol. I., 
p. G'll) ; hydrochloric and nitric acids act feebly on it, but aqua regia 

>* Till toniiula ZrO wu SrU giVN U (hs axi,la a[ urcouium u a bi»e, in aia »w 
Zr •• lA whilnL tlie pnunt ntoniie weight is Zr • W— Uut J<, Iks toiuulu of Ibe oiida it 
now recogiiiNd lAbttag ZtOj, The rsuoiu fo( ucnbing thii loimulii to tlie caispsnnd* 
CI liMOniDm «e M loUowi. lu Ihe BntpUce, tha inwitigatian of Uia crystal Ud« foniu 
of 111* tIrcoikoflBoridsi— tar eiunpls, K,ZiFf MgZrFf,tHiO— which pnTad to bs 
niiiitDgnl* in CMipotElini iipd nrilalliae fOrm with tbi'correipoailiiie coiDpauodi at 
tibuiium, tin, and iilicon. Li Ifao bvcoiuI place, tho tpcciflc heat of Zr it DiK?, whkh 
CDmK]ioudii with l]» coinbiuiiig weight 90. The thiid and moil luiiintUDl loaion lot 
iloohliiig Iha couibiuiiig wiight of lirconiani wat givsn by OcviUs'i dctoiininiitiaD of iba 
lapoiir arniatj of nVeoninm cMoriilt, ZrCl,. Thi« ubaUBce i> obtoJned by igniling 
lirconinm oiido miiod with chucaal In « ttceaui of dry chlorine, aud ia a colonrleas, 
ttlineiuhatuiee which iifuilTvaUtile at .440° Ila dcnaity relcned to ait wu foaod in 
be 81 J, tlut It 117 ill Tetilion to hydragm, sb it Ehontd be according to Ihc moleeuhi 
fortnulo. or thia snbstaaca abdTe.cited. It cxhibitu, however, in many refipectl, a aalina 
(huuctei and thit ol an acid chloianhydride, for liicaniam oiids iticlf preienla verr 
feebly developed acid proportiea but clenrly mat' 
chloride disulTe4 In water, and on evapofttioa 
hydiDchlaric acid— reii«niblliig ma^rneeiain chloride, fi 
coveTcd mid cluuacteriied aa vi iodividiuJ clement by Klaproth. 

Puts componnds ol zircaninin are generally prepared from lircon, which ii finely 
groond, but ai it it very hard it is Gnt healed and thrown into cold water, by which 
meaui.it ii diffintegrated. Zircan ii decompOKd ot ditfeolved when fdBed with acid 
potansium fiotphale, or ttill mors eudy when Insed with acid potiiMium fluoriile 
(a double soloUe call, KiZrFs, is than formed); howc*ei, lircDQiuiu compiiundi are 
gwerally prepared from powdered lircon by fusing it with sadium earbonate 
and then boiling in water An ioioluble white reiidao it obtained contiiling of a 
and et Ihs oiidn of todiam and lirconiaia, which it then liealcd wiih hydro- 
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ci)>il4.Iei lircordiini Ijfibiuwfr from this solution, as a whit 
ZrOtOHj,. WhHi ignited this hydrotlde loHa water and in se 
laneoDi reealeteeiieo and Icavei a white infoiible and eioeediogl 
oiiiff, ZiO], fanving a tpedflo gravity ol t'4 (in the electrical 
volatilitu like SiO^ Uoissan}. Owing to its infnsibQity, lirco 
aabtlitala for lime and magnesia in Ihe Dmmmond light. Thi 
Hon to titaBiiUD oiido, >s soluhte, even after prolonged ignition, 
odd, Tb* bydroiide it easily lolublo in aeids. The eompo^itii 
ZlOX^ or ZrOX^Z[0„ jort as nilli thou of iU anatognui 
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easily dissolves il. It is distinguished trota silicon bj the faci that 
faydrofluoric aeid acts on it with great facility, even in the cold and 
when diluted, whilst this acid does not act on silicon at all. 

The very similar element thorium (Th = 232) was distinguished by 
Berzelius from zirconium. It is very rarely met with, in Uioriie and 
crangeilet ThSi04,2H20. The latter is isomorphous with zircon (sp. gr. 

^ Thorium has B\hi> been found in the form of oxide in cortain pyrochloret, eoxini&««, 
monazites, and other tiire minerals containing Aalia of niobium and phosphates. The 
compounds of thorium are prepared by decomposing thorite or orangeite with sirong 
tulphurio acid at its boiling point : this renders the silica insoluble, and the thoriom 
oxide passes into solution when the residue is treated with cold water, after having been 
previously boiled with water (boiling water does not- dissolve the oxide of thorium). 
Lead and other impurities are separated by passing sulphuretted hydrogen through the 
solution, and the thorium hydroxide is then precipitated by ammonia. If this hydroxide 
be dissolved in the smallest possible amount of hydrochloric acid, and oxalic acid be then 
added, thorium oxalate is obtained as a white precipitate, which is insoluble in an excess 
of oxalic acid ; this reaction is taken advantage of for separating this metal from many 
others. It, however, resembles the cerite metals (Chapter XVII., Note 48) in this and 
many other respects. The thorium hydroxide is gelatinous; on ignition it leaves an 
infusible oxide, ThOj, which, when fused with borax, ^ves crystals of the same form as 
stannic oxide or titanic anhydride ; sp. gr. 9*86. But the baRio properties are much more 
developed in thorium oxide inan in the preceding oxides, and it does not even disengage 
carbonic acid when fused wiUi sodium, carbonate — that is, it is a much more energetic 
base than zit-conium oxide. The hydrate, Th02, however, is soluble in a solution pf 
Ka^CO, (Chapter XVII., Note 43). Thorium chloride, ThCl^, is obtained as a distinctly 
crystalline BubliAiate when thorium oxide, mixed witli charcoal, is ignited in a stream of 
dry chlorine. When heated with potassium, thorium chloride gives a metallic powder oi 
thorium having a sp. gr. IIX It burns in air, and is but slightly soluble in dilute acidai 
The atomic weight of thorium was established by Chydeuius and Delafontaine on the 
basis of the ismorphism of the double fluorides. 
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CHAPTER XIX 

[IE OTHER ELEMESra OP THE FIFTH GKOUP 



KiTBOOBN IB the lightest and Bioet wiilaly distributed representative o( 
the elements of the fifth group, which form a. higher saline oxide of the 
form R,Oj, and a hydrogen compound of the form RHj. Phosphorus, 
arsenic, bismuth, and antimony belong to the uneven aeries of this 
group. PhoepTtorue is the most widely distributed of these elements. 
There ia hardly any mineral substance eomposing the iqoss of the 
earth's cruet which does not contain some — it may he a small — amount 
of phosphorus compounds iu the form of the salta of phosphoric acid. 
The soil and earthy substances in general oaually contain from one to 
ten parts of phosphorio acid in 10,000 parts. This amount, which 
appears so small, has, hotvever, a very important signiUcsnae in nature. 
No plant con attain its natural growth if it be planted in an airtificial 
soil completely free from phosphoric acid. Plants equally require the 
presence of potash, magnesiu, lime, and ferric oxide, among basic, and 
of carbonic, sulphuric, nitric, and phosphoric anhydrides, among acid 
oxides. In order to increase the fertility of a more or less poor soil, 
the above-named nutritive elements are introduced into it by means of 
fertiliseifi. Direct experiment has proved that these substances are 
undoubtedly necessary to plants, but that they must be all present 
simultaneously and in small quantities, and that an e^ccess, like an 
insuthcieney, of one of these elements is necessarily folloiced by a bad 
harvest, or an imperfect growth, even if all the other conditions (ligbl, 
heat, water, air) are normal. The phosphorio compounds of the soil 
accaoiulated by plants pass into the organism of animals, in which 
these substances are assimilated in many instances in large quantities. 
Thus the chief component part of bones is calcium phosphate, CBiPiO(, 
and it is on this that their hardness depends,' 

' D17 boa«i coDtaia sbaul ooe-tliM at gEkliDOas owLtet ind sboac hro-thiTd* of 
aih, etiieflr ekleiain phoiplwu, Tha wiltB o( phoipWnc tjai *re iIeo toond in Ihe iqeh 
ol the eutb M aspiutkli) raioctikla -. for cuunple, Ibe apalilet conijuD this ult in • 
aiTititUns lom, oomMstd irtUi oiJeiam shliHida or diwrida, CaB(,SCif(POi)fi wIivtb 
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Phosphorus was fimt extracted by Brvnd in 1669, b; the ignitiOD 
of evaporated urjne. After the lapse of a century Scheele, who knew 
of the exiateoN of a, tuore abund&nt source of phoaphonis in bones, 
pointed out the method which is now employed for the extruetion of 
this element. Calcium phosphate in bones permeates a nitrogenous 
organic Eubstance, which in called ossein, and (onus a gelatin. 
When bones are treated exclusively for the ertraction of phosphonts* 
neglecting the gelatin, they are burnt, in which case ail the ossein it 
burnt away. When, however, it is desired to preserve the gelatin, the 
bones are immersed in cold dilute hydrochloric acid, which diseorvw 
the calcium phosphate and leaves the gelatin nntoached ; calcinm 
chloride and iicid calcium phosphate, CaH,(P04)„ are then obtained in 
the solution. %Vhen the bones are directly burnt in an open fire their 
mineral componeutB only are left as an oiih, containing about 90 per 
cent, of calcium phosphate, Ca:,(PO,)„ mixed with a small amount of 
calcium carbonate and other salta. This mass is treated with suJ{^iitio 
acid, and then thn same oubstance is obtained in the solution as waa 
obtained from the unbumt bones immersed in hydrochloric acid — r.s.tha 
aoid calcium phosphBt« soluble in water, in which reaction natunUIj 
the chief part of the sulphuric acid is converted int^ calcium mlphata: 

Ca,(P0,), + 3H,S0, = 2CaS0j + CaH,(P0,),. 

Ca,(PO,), + 4HCl = 2CaCI, +C»H,(PO,),. 

On (tvaporating the solution, erystallisiible acid calciam phosphat» 
ia obt^ned. The extraction of the phosphorus from this salt con- 
eiata in heating) il uiVA cliarcoot to a teliitc htat. When heated, tJio 
aoid phosphate, CaH,(PO,)„ first parts with water, and form* tbs 
■netaphosphate, Ca(POj)„ which for the sake of simplicity may bo 
regarded, like the acid salt, oa compoeed of pyrophosphate and phot- 
phone anhydride, 2Ca(P0i), = Ca,P,0j+P,0j. The lattwr. *itb 
charcoal, gives phosphorus and carbonic oxide, P,Oj + 5C= Pff 500. 

ft-'F 01 CI. •omstiiDai m ■ lUtc uf iKmoipbDU Ruitme, Tbii mimril often erjitallif 
In anil hsiignDBl priun*: tji.gt. S'lTIo 312. Viiiuiit* i»> hrdnled fBrroai phaaphak*, 
Fai(P04)f,SBfO. Phosplutaaf Doptrtruvfrvqoentlj fomidiDHipiMrr min«e; foT^uoipU^ 
tagaitt, CBs(POi)»Cii|OH)].aH,0. L«d ud iliuniiiiDm romi liouUr ulli. Thij u« 
DMTljklliDBlnblainwmtcf. ThetDR|aDiu,foruiiUnDe,i(1iyilnil^ pb«pluUDr»Iiuii!M. 
(At^,)iJ>,O^H,0, wlonnd villi ■ ajt a( ecqiper. 8m ud other «Uen >]•»;■ taalnio 
■ miiU unoDiit of phoapluln. Tha ub ot •H-pluto. u nil u of Uad.pUoU, tlmrs 
eontaint phoiphBt*t. Di|aMiUal »lciampb<i(iJiiilau«oll« mat with; tha^ uv XtnaiA 
phoiphorilii ud mlcolilci, ud u* compowd of tha Inail ntuiiw af Iha ban» ol uiinula] 
Hie; an naad ror nunnn. Of Iha laBie nature an Ih* i&csIM fDano dapoai'la trooi 
------- „ Spain, Ptwk*, and in tha OofanuniMiIa of Orlol 

will br bmiiArlal, 
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So thnt in reality a Gomewhat complicfttecl process takes place here, 
yielding ultimately products accociiiiig to the follomog equation : 
2C«H,(PO^),4 5C = iHjO + CajPaO, + Pj + 5CO. 

After the steam has come over, phosphorus and carbonic oxide distil 
over from the retort and calcium pyrophosjihate reraaiaa behind.' "■ 

Ai phosphorus melts at about 40", it condenses at the bottom of 
tiie receiver in n molten lifjuid mass, which is cast under water in 
tubes, and is sold in the form of sticks. This is' comTDon or yslhto 
pIiotpliOTiiK. It is a transparent, yellowish, waxy substance, wbicli iit 
Dot brittle, almost insoluble In water, and easily undergoes change iii 
its external appcarnnce and properties under the action of light, heat, 
and of various substances. It crystallises (by sublimation or from It* 
solution in carbon bisulpliide) in the regular system, and ' {in contra' 
liiatinclion to the other vsrietiea) is easily soluble in carbon bisulphide) 
and also partially in other oily liquids. In this it recalls commoo 

1 bh 3^ Babj^oting Ihe pynphotphbte Lo the uclion of mlphniio or liydrocliloric orad 
It ii poBibls lo DbUJD • frerib qoantit; of tbe seid ull Iram Ihn tceiJuo, nnd lu tbit 
mmiDer to vitrvd kll the phoiplioniB. It it luiul to taJco tiomt bonj^jH, \^n\ ehjhitiJ 
fboaphorile*. oslMlitei, sod ■.p*tit«> puynlaa be emjibirocl u duI'^uli!' Iiv i!:e.' ex. 

BMnobctan ol dmUIms i* ervrywhert ertendiug, 

ud in RdhU, [d ths Dnli, iu Ibe Govammenl ol 

Proiih it bat ktUincd inch propDrtloni that tha 

diitiict it ftble to lappjy othci countriet with phi>i. 

phoruL A geeoX tawaj melhoda Iutv beon proposed 

for- fKilitating tbB tictimction of pho»phonit, but 

Bona of thBm diflar fiuantlilly from tho lu&u] otL^ 

btixau th* prebtem is dspeodcnt on tb« libcmlioa 

of phoi^borte sdd b; the uUon ol uidi, aud on it* 

nltiuuta redaction by ebarcoal Thus the raJciom 

pbOTpliata nuy be niiied dinctly with ehucotl and 

■And, uxd pboif^nii will be libflrabed on heatiag 

the miztDnti btfcaaaa the tilic* dispUeea the pboa- _^ , 

pborie anhydride, wlilcb givM cubooio oiide and Tta 

(^Hnphona with the cbg>rcaa]. It hai alio be«D 

pmpoaed 'u> past bjrdroohlono aeid o*er an iDoan- 

detcent mixture of calcimn phcHphale and charcoal ; 

tbs add than aeu Jul aa the lilica doei. liberating 

pbotpEiDTic anhydride, which ia reduoed by the 

charcoal. It it iiec««ary ify prevent the aoceaa of air in the coodenBation of the Ta|xnm 

of phosphorus, booanu lluy lake Sie rery eaiily j hance Ui^ are condeniad imdat water 

by earning the Kaseoat piodDCta to pass llirosgb a taaeel InU of water. For thii pnipoH 

the condcniet thown in Op;. 68 ii oaunlly employsd. 

< Vomon Uesi| et»erir«d that otdinaiy (yeUow) pbotphonn b dimDrphcna. O li b* 
nelud and by eanfnJ cooling be bnmght in a liquid farm (o at low a lemperston M 
poaaible. it giTea a variety which mclta at IS'^S (the ordinary rariety fntca at 4i^0h 
«p. gr. I'SST (that ot the ordinary Tariety ii I'SIB) at 13°, ciyiUJJiBBi in ihomlric priuns 
<iiiMaad of in tonu beloogiiig ta tha oobical tyttaffl). This to siniiUr to tha talatico 
between oelhhednl and ptirawtie snlphnr (Chapta XXV 
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sulphur. Ite Bpedlic gravity it 184. U fuses at ii". and puM« i 
vapour at 290° ; it is easily infiamiiiable, anil must tbeivfore be ^ 
bandied with great castion ; cnreleu rubbing is enough to cause phos- 
phorus to ignite. Its npplicatioa ia tlin manufacture of matchem is 
based on thiE."" It emits light in the air owing to its slow ' oxida- 
and IE therefore kept under water (such water is pbosphoreacent 
a the dark, like phosphorus itself). It ia also very easily oxidiMid hj 
idisidg agents and takes up the oxygen from many svb- 
> Phosphorus enters into direct combination with many 
tnetals and with sulphur, chlorine, Ac, with development of a con- 
siderable antonot of heat. It is very poisonous although not soluble in 

Besides this, there ia a red variety of phosphorus, which differs con- 
siderably from the above, JieH phonphorus (sometimes wrongly called 
amorpluiM phoaphorai) it partially formed when ordinary phoapboro* 






I Hnnguiu itodoil), the fint pboiptionu —tftin 



> Tha ■bHTption ol the gljgcii ol tha atmoiphani U, ■ conaUnl onlinu; tampanlmv 
bj ■ Urga aarfiwe ol phoaphorai pRxeedi to nnifoiinlj. rfgnluly, ud npidlj, thai iS 
iDij lent, u Ikeda ITokia, 1W3) bu ihown. lor daniDDiInbng Iha taw ot Ui* vcloei^ 
(r«la} ot FaacLiou, whicb ii coDwd«ra6 in theDreliciil chemivtrr, and abowa that lh« rMa 
ol RaslioD it proportional ta llii> uUva maH ol ■ tnbalaaoa — Le. ixdl — Hh - •) vhoa 
1 ia Iha time, K Ihs initial mau ol the leacting •ntnUiuia — in . Uiia cua uTgao — > 
ths amount of it •rhich baa enlsrsd into reaction, and k Uis owBlcwal of propoHiaalily. 
Ikeda took a taat-lnbe ^duUDcta abanl 10 mm.), ud Mrered ila ontu (Drhaa vfib a 
cmtipg of pbosphoTua (bj melting il in a Icat-tnbfi of laige diuDet«r, uaartilic lli« 
unallor test.tubo, and, irhu tbs ptoaphorai had EDlidified. )iTukin( amy IIu oBlar tMi- 
lube), and inlrodnofd it inla a defioita •olama-gl " - • - 
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rem&inis eipoGcd ta the action of light for a loitg tiua It is alto 
formed in many reoctioDS ; for example, when oniiuary phoBphorui 
combines with chlorine, brouitie, iodine, or oxygen, a portion of it ia 
converted tuto red phosphorus. Schrutter, in Vienna, invesUgatod tht* 
variety of phospliorus,-.aiid pointed out by what methods it may ba 
produced in considerable quantities. Red phosphorus is a powdery red- 
brown opaque substance of specific gravity 3-1 4. It does not combiiie 
BO energetically with oxygen and other sobstanocaasjellow phosphorus, 
and evolves less heat in combining with them.' Comioon phosphorus 
easily oxjdijies in the air ; red phospliorus does not oxidise at all at the 
ordinary temperature ; hence it does no(> phosphoresce in the air, and 
maybe very conveniently kept io theformof powder. It does not, like 
yellow phosphorus, fuse at if After being converted into vapour ai 
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century, wina LAVuiei«r vi^ Laplv^o bamL flioflpLoma u 
colohmctisr, Asdnwi, Dupnli. F(vi«. wu) others hsi'e (todiul tb« ume aubjccl. Tha 

eombuilion ol jeUow phmphDroi, Tboiiistui DiidiHd ilina calorimeter oith^sdteuid to 
Um prcKDca o[ wntcr, luid a, miiluie ol phoBphorona and pheBphorifl aoidiwaa lima 
foruwd (woa not aoj liypopboftphoric acid (onaod 7—iit}t«t), and the iodic add convartad 
into hydjiodic odd- 11 waa firat QKOBaary to mtrodncA two eonvctioDa i&to Lba d«1oH- 
idBlric ratult alflained, od« for the oxidalioa of 'the photphoroDs into phoa|diaria a^td, 
knowing ihcir rilalin unaaDla b; aualjnia, and Iha othu for the deotldalion ol the 
fodio acid. Tba reaiill then obtained erpnisea the convenion of [ihotphoioba ialo 
bydtatod pboaphoric acid. Tbii ninil bs coitBcled for the heat of wdntion ol the hjdnta 

obtain Ihe b«al evolTod in the reaction of Pj with Oj in the proportion for the fnrmaUoB 
ol PiOi. It ia uatunl Uut with bo romplai a method there ia a poaiibiliiy of many 
amalL errora, and the raioItaDt fi^rei wiJi on]; preBenE a certain degree ol ucunuj 
•Asr repeaWd CDrrecbana bj larioui methodi. 01 aoch a kind are the following fignrea 
delenained bj TbomHB, which we expnee in thoouuida ol caloriei :— F] 4- Oi <= S70 1 
P,*O, + 31M>-<0Di P,TO,4-amaiaot«aler->l(l&. Hence we aee tliat F,0, i SH,0 
> 30 : SPHsO) * an ueeu g< water = S. Eipsriment fuither ahowed that ciyBtaJliied 
PHjO,. in diaulTing in water. eiolTei S'7 thoniaod ca1oriB^ and tliat toaed 139") FHsO. 
•vnliai ta thooaaud caloriea. whence the healof Inaion o[HjPO,-lI> tbooiand uloriai. 
For phoiphoroai acid. HiPOj, ThomHn obUined P, * Oi+ SU^ -3£0, and the wlntion ol 
ety>tolli»ed HiPOiInnnwr- -CrlS.aod o( fnaed HiPOj» tS-S. For hypopboaphorona 
acid, H^O» the heata ol lolution are neailj the same 1-0-17 and .i- 31], and the heat 
ol iDivaCioa PftO*a&fi-7i\ hence iU conTenion into aH^0,era1ve> I7G thooaand 
calenea,and the conTenion ol aH,POiinto aHiPO.-liO (hontaod caloriet. For the 
tnlie ol compariKiu we will talis the combination of clitorine with phoaphoma, alao 
according to Thomaen, per 1 alomi ol pboaphomi. Pi .<- SQi '3 1M, P,-f fiCt3~3I0 thontand 
<hloriet. In their reaction on an ikecaB of water (with the formation of a eo1aliaa)i 
SPUIi-laO, iPCIt-MI, and UPOClj- 111 Ihouund calerlea. 

Beaidea which* we will cite the following daU giren by varioni obtonen. heal dl 
luaioDlor P {that La.lijcU parte of phoaphoruaby veight) — frlfr Uiousand caloriea; lb* 
oonienion ol yellow into red phoiphoraH for F, Iiom +ia to +17 thaaaand calotiMI 
Pi-Hi^tS, m^PUf-M. PHi.BBr^Mthquaandoaloriea. 

At tlie ordinary teinperaltite (30° C.} phosphomB ie not oxidivd by pare oiyjatta 
oiidaliou only tkkea place with a ilight riw of tampnratnre, or the dilation of the oiygs* 
with other ga>ra leBpeually nitrogen or hydrogen), or a decnaia ol pieaauie. 
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290' or 300', it again passes inW the ordinnry variety when atowly 
cooled, Red phosphorus is not soluble in carbon bisulphide and atb«r 
oily liquids, which perm''ts of its being freed from any admixture of th* 
ordinary phosphorus. It is not potmnous, and is used in many c»8es for 
which the ordinary phosphorus is unsuitable or dangerous ; for example, 
in the manufacture of matches, which are then not poisououJi or in- 
Hammable by accidental friction, and therefore the red variety baa now 
replaced the ordinary phosphorus.* '"'' 

The heads of the ' safety ' matches do not contain any phosphonu, 
but only subBtance!' cnpable of burning and of supporting combn*- 
tiou. Red phosphoi-us is spread over a surface on the box, and it 
is thq friction against this phosphorus which ignites the matohei. 
There ia no danger of the matches taking fire aocidentally, nor are 
they poisonous.'' Thii red phosphorus is prepared by heating ths 
ordinary phosphorus at 230° to 270° ; it is evident thiit this mu«t 
be done in an ntmoaphero incapable of supporting combusUon — 
for examj>le, in tiitrogfn. carbonic anhydride, steam, Sic. On ft 
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When inch ■ m&tcb CDDtuaiog fuiicleiof jelJow pbOBphonii ii rabbed m-ei ■ rgngh 
■orfftu, it becocnpb (eipecitilj tt the point of mpture of the brittle gummy c«tiDK) 
■lighUj twitted, kud thb ■■ tofBeiiml la muh the phMpbomi to ttke Gr ud bum at 
the axpeBia of the oij^n of tbe other iDgtedieotfl. 

* In the tB-cUled * wfstj ' or Swedish Diiteh«i (iihich tn not poiuDoni. aaddo not 
titb* fin from Accident^] friction) a miktui* of red pboepfaorrv and gl&BB forma the 
Aurfaoaon wtiich the mklchea are mlrqck,And tba roatchea tbemeelrei do not contain any 
pboipbonii at all, but a miilare of ■Dtimonioa* iDlphidc. SbrS, (or umilar aoD- 
baibble aubilancai) and potaiiium chlorBle (or otbec oiidiiing agftiti). Tb* 00»- 
bnation, vrben once Btuted by contact vitb tlie red pbotphonia. proceeda bj ItaaU 
allbeeipenH of the inflaounatoty and comboitibl* eleinaata caaUined in thalipottfaa 
match. The niiiluie applied on tbe mticb ilMlt muit not be liable to lake fire froBi a blow 
or hktion. The mirtnre tonniDg the luidi of lbe 'eatetT' oulcben ha< lbe faUoKiac 
approximate compotition : fifi-OO parte of cfalor^ttf ot polaeaiam, ^10 porta of perQiida g| 
n ot Kfii,0,). about 1 pari ul •ulphni or chareoaL about 1 part ot p> 
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luge scale, ordinary pboEphorus is placed in closed iron vessels,* '>'> aud 
inmerBed ia a bath of different proportions of tin and lead, hy vhich 
means the temperature ot a-'iO" necessary fur the conversion is easily 
attained. It is kept allhis temperature for some time. The temper*- 
tnro is at Grit aoutiously raised, and the air is thus partially expelled 
by the beat, and also by the evolution of sUaio (the phosphorus ia 
damp when put in), whilst the remaining oixygon is also partially 
absorbed by ihe phosphorus, so that on atmosphere of nitrogen is 
produced in the iron vessel. Red phosphorus eaters into all the 
reactions proper to yellow phosphorus, ooty with greater difhculty 
tai more slowly ; ° ood, as its vapour tension {volatility) ia less than 



• The apeciao hut dI the rellaw (uiBtT ii CrlSB— (bst u, giMtci.tliiui tint of Uu »d 
nnet;, wliicli U fflio. Tho «p. gr, o( tbo jellow ii 1B4. wid ol thu red r«pii»d Bl aOO" 
I'lS, uid o( ihiit pwpued nl 580" ui<) »bove (i.e. 'mutallic' pbotphomt, tea beloir) 
? rU. At 130* Uu pnanM of Ihc Tiponr of ordiD&rr phmphomt <■ fit I tnaiinutna 
of taacarj, Knd oF the nd ^ 0— -th&t ii to taf, the red phoaphorvft don not toaa 
tttjTM.pofiT ^t tlkU temperalQr* ; At 447° the T4poDi tension of ordiau^ phoephoroe i« «t 
Cnt ± ECOO mm., but it grsdu^y diroioiftbeft, whiZit tbnt oF nd phoaphonu ji eqail to 



Hittocf, by heatiog H 



ir pottJOQ of a doHcI tube ct 



ining rod phoepbofBe »0 
130° ud the upper portion to tlT", obtuoed crjiMIiol tbe w-CAlled ' metallic ' phoaphonii 
ftt the Qpper ectremitj- Ab the v^pDot tenuoni (aceordingtoHLtlcrf, &t fiSO°the r»|idar 
IcBHonof yellow pboqihonu^- tKXO mm., ol r»l - SlSBmm., nnd of meUUic - (ISOmin.) 
ftbd nLO^Dni &ra different, metalhe phtuphtmit mAj be nig&tded Aa ■ diHtcnct vuiety* 
It la (till leu energelio in iu chemiool ratcllou Ihiui red phcHpbaraa, and It la deoiar 
than the two preoediag Tarietiflft : ap.gr,' 9'81. It doce Dot oxidise in the ur ; fa 
ajilalliiie, and liu ( oieullic Imtre. It ia obtnined urtun otdiiiAry phoaphomi la bMlad 
< ls<ul (or Hrer&l hours at (00° m s oloaed \-eaiel, In 



ThentolUnl ir 



h dilute Di 



(cid. which firal dii 



nitric uid at 
ft d&rk violet eolour 
it incompubly betl«r 



(phoqibaru* is electro-negitive to lead, (ud does not. therelore, ac 
first) and leares brilliant rhombohadral crystala of phoaphonu oj 
vith a alight Diftollic isatR, irhlcb condact an electric cnrrci 
UiBii the TBllow •ariet; ; this also ia chaiaclerietic of the loelallic slate □! pboa- 

The naearchea ol Lemoina paftiaU]r eiplain the paaaage of follow [ordinaryj phoa' 
lAarDB into it) olhor varieliu. He heated a closed glaea globe containiag either ordinurw 
nd phosphoros, in the Taponr ot sulphnr (ltD°l, and then delennined Ihe amonnl of the 
nd and jellov varietiea ajtcr Tsiiona pariedi of time, bj treating the miitnn with carbon 
binlpluda. II appeand that afler the lapse of a certain time a aiiita» of definite and 
«qaal oorapoaition ia obtained from both— that ia, between the red and joTlow \arieliei a 
Mat* of eqnJUbriom seta in like that of dissociation, or that obsensd in donbla decom- 
poaltions. Bat at the same lime, the ptogresa et the tranatormaLion appeandlobe 
dependent on Ihe relative qnanlitj of phnaphi>rtia taJcen per volume ol the j(lDb« 
(u. Bpen the i>ressu«). Neglecting Ihe latter, we «UI die aa an eiample the amonnU 
el Ihe red photpliorot Iranslocmed into the ordinary, and ol the ordinary not eon. 
verted into md. per 30 ^rams ol red or yellow taken per litre capa^rity of the globa^ 
beMed to MO^. When nid phosphoras was laken, 4*711 grams ol ysUow phosphorus weiv 
fnro^j alter twahaun,li>acgniDit«lt«ieigbl hour*, Uum giaau alln Iwanlr-tiHii hoimh 
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that of the fellow variety, it maj b« supposed thKl a polyi 
tttkfis place in tlie passage of iho yellow into the redmoilitii;atioii,jnat ■■' 
in the p&ssage of cyanogen into paracjanogen, or bf cyanic aciU into 
cyanuric add (Chapter IX. Notes 39 bis and iS). 

The vapour of phosphorus is colourless ; its density remains oonstaat 
between 300° and 1000° (Dumas, 1833; Mitscherticb, I>evil]e, and 
Troost, 1859, and others). The density with respect to air has been 
determined as tvom 4'3 to 4S. HencSj referred to hydrogen, it !■ 
4'4 X 14*4 = 63, corresponding with a molecular weight 124, i 
molecule of phoaphorua in a state of vapour cootains P,. The 
will remember that the molecula of nitrogen contains N„ of aulphi 
or Sj, and of oxygen 0, or 0,. 

The chemical energy of phosphoma in a free !>tate more nearly 
appi-oaches thatof sulphur than nitrogen. Phosphorus is combustible and 
inflames at 60° ; but having in the act of combination part«d with a por- 
tion of its energy in the form of heat it becomes analogous to nitrogen, 
SO long aa there is no question of its reduction back again into phoa- 
phorua Nitric acid is easily reduced to nitrogen, whilst phosphorio 
acid is reduced with very much greater ditGculty, All the compounds Ot 
phoaphorua are less volatile than those of nitrogen. Nitric acid, HNOj, 
is easily distilled ; metaphosphoric acid, RPOj, is generally said to bo 

and til* iMt limit nnuiuid canilut on [iut]i*r heating When Ihirtj gnaaiit jiiUm 
phOfphoToi wer« t4k«D,.Ava gnun* remained unallertd after two bonn, lour gruBa 
^tei eight houro. and uSUr twenly-four bouii and Dion three gronu oi bekoi^ 
Tfooal ood BaalefeuillD ihowed that ]i<|iiid pboiphoma in geoiral cbongei more umiij 
into the red than doei phoepborns TapoDr, which, hooeTer.ia ohle, *lUu>ii|h dovl^.M 
depohit red phDiphonii. 

The qumtioD pmanti il«ll u lo wbiiUlei' phoipbonia in a lUla ol npow !■ thl 
ordinu? oi Kme olheiioiietjir Hillort (IBOt) wUected nunr daU for th> ■olatiaael 
Ihii tmblem, which leave do doaM that (mm cijienmentol fif;arei ohov) lb* IwittJ 
ol the Tapoui of pb«tAoru> ii alnj* the lame, alLhoDgh the Tapoor teoSiaB of >ba 
diSennt ToriEtiea and their miitnrea ia lary Tuiahle. Thii ihoin that tha ilHIbiMil 

in tlia idea of polynieriiatioa. dlricUj speaking, the vapour of phoiphonu ia a 
parlicuUl otate of thia nbataiice. and the molecolar lonnula P, rslen ddIt to it, nad Hrt 
lo *BJ Other deftnita •lol* ol phoiphorni. Bat Boooll'i aolution method abo*ld Utt 
1b a benune lolnlioD the toll of the treeaing point indicatei for ordinorjp pboapbonu a 
nolecale P4, judging b; the daterminatiooi ol Pntemo uid Natini (ISSSJ, Hirti (UW], 
and BeckmannUSBl), who obtained for inlpbarbjithiHjiie method a nolaeolai wMgU 
• Bi. in eotifonnilj with the lapoor deatilT. Further rcaearDh in Ihie directioa wBI 
ptrhape abo* Itw poiaibililj of boding tba molecular weight of red phoaphorru, U a 
OMoa* be dioGorend for diMotving it wilboat convertiug it into the ;eltow Tiiietj. 

X think it wDI doI be oat ol place hen to draw ibt nodet'i alienlion to tbe loci that 
i*d phoaphoma, which we miat reeogniae oa pol^maric with Iha yellow, donOa dsoik lo 
altn^es, whoie nwiecola it Ni. in ila loiall isclinatiDB toworda 1 
although jud^iog bf ita amoll tapour teuaion it mtut be toon oonj 
(fellow ood while) pbotphoiOB. 
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Boo-volatilfl ; iriatbylsmme, N(CgHj)„ boila at 00", and trietb;!- 

phoBphino, P(0,Hj)„ at UT" 

Phosphorus not only combines eiwUy and directly with oxygen, but 
also with chlorine, broniino, iodine, sulphur, and with certain metals, 
and red phosphorus when heated combines with hydrogen also.'"''' So, for 
instance, when fused with sodium under naphtha, phosphorus gives the 
compound ^i,P^. Zinc, absorbing the vapour of phosphoms, gives the 
phosphide ZnjP, (sp. gr. ITC) ; tin, SnP ; copper, CujP ; even platinum 
combines with phosphorus (PtP,, ap. gr. 8*77)." "' Iron, when combined 
even with a small quantity of phosphorus, becomes brittle.' Some of 
these oompounds of phosphorus are obtained by tho action of phos- 
phorus on the solutions of metallic salts, and by Uie ignition of metallic 
oiidea in the vapour of phosphorus, or by heating mixtures of phos- 
phates with charcoal and metals. Phosphides do not exhibit the 
external propcrtica of sixtts, which are so clearly seen in the chlorides 
and still distinctly observable in tho sulphides. The pkorphide* of ih» 
metals of the alkalis and of the alkaline earths are even immediately 
and very easily decomposed by water, whereas this is found to be the 
case with only a very few sulphides, and (till more rarely and indistinctly 
with the chlorides. We may take calcium phosphide as an example.' '•'» 

«>>>■ lUtgara [see farther on) showsa tbia in 1804, and observed tluit As when bat-Ui 
4lso <anibiaoA wrtb hydrogen. 

* ■" The capiwitr of mannrr (Chipber XVL, Note 35 bin) M pye noiUble componnda 
with aitr^an civea riM to the eappositioa that umilor compoosdi euit with pbtnphonu 
aIio. Sooh B compound was obtfkined bj GnngeT (1903) by heating memif; vith iodide 
al pboiphotDH in a clnud labe nt aT6°-300°. After temoTing the iodide of mercai; 
fonned, thera ramaio fias rfaoiablo ntyslBli having i meUllio Initre, ud eompoiition 
BgjPg. Thii comtmuid is .'Me, does not oiler ai tho ordinuy lahiperatnre uiil only 
decoiD|io«ei It » red heat ; when heated in oir it burns with a flame. Nitric juid hjdro. 
ehlaric acidi do not tcX apOD it, but it is sBBil; deFompowd b; vjiis reglo. A phosphida 
of copper, CuiFi, woa obtained by Orangar (M03) b; hoa^g t. miitnre of inter, 
Gnaljr divided eoppoi and rod phosphorus is a scaled tabs lo IBO^. The eiceea of 
CDpixsT W119 altcnroidi vaabed ursjbj a solution of NHiIa the pretence olait. 

The metellic eompoands of phospbonu potseee a great cbemEcol interest^ becftosa 
the; sbo* > ttmadtlaii Irom metallic alloys (for instanoe, ol Sb.Ae) to the inlpbides, holo^ 
gen lalti, ood oiidea, tti3 on the other hand to (he nitrides. Alchongh there ire alieodj 
taauj bsgnHsoUry data on the sabjcct. the interesting pnvincs of the metallic phos- 
phldea eaoDoE yet be regarded a> in any vay geaeroJised. The varied appliutioas (phoB> 
phoi-iron, ptiDtptoT'bionM, ^c), vbieh the phospfaidefl have recently acquired ahontd 
give a tboog incentive to the complete and detailed study of thiB subjeet, which 
wtoJd, in my opinion, help to the explanjition of chomiool rolstionsbeginniiig withallDjft 
(solnliou) and ending vith salt) and tho compollnda ot hydrogen (hydrides), bseaneo tb« 
pboephor-metalo, as is ptovad by diroal eiperiment, stand in the tiuaa relation to phoa- 
phuretlad bjdiDgen ajtbe inlphides da tawudaiDlphnreltedhydtogm.araalhainetalllo 
chlorides to hydiochlotic acid. 

' "• Many other coiopaanda oI gjiosphoms are atw capable ol fenuing phOBphorett«(l 
hydrogaa. Thus BP also gives FUj (»c Chapter XVn,, Note It). According to LUpka 
(leWJ phoapbonttad bydiogen ii (ormad by ^oaphida ol tin. Ihe Utter ie p«pand bj 
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Ftiospborut is laid in ft deep crucible, aod covered with a day ptxig, 
over which lime is strewn. At a red heat the vapours of jihospharu 
combine with the oxygen of the lime and form phosphoric aahydride, 
which formi a salt with another portion of the lime, whilst the 
liberated calcium combinea with the phosphorus and forms caldnm 
phosphide. Its composition is not quite certain ; it may be CaP 
(corresponding with hquid phosphuretted hydrogen). This iubatanc9 
it remarkable for the following reaction : if we take water— or, better 
Still, a dilute solution of hydrochloric acid — and throw calcium phos* 
-pbide into it, bubliles oE gas are evolved, which tnke fire tpoa- 
taneouKly in the air and form whito rings. This is owing to tlie fact 
that the liquid hydrogen phosphide, PH„ is first fnrmed, tho^ 
CaF + '2HC1 = CaCl, + PH„ which, owing to its instability, very 
easily splits up into the solid phosphide, F,II, and gaseous phosphida, 
PH, i SPUt = P,H -t- 3PH, ; the lattor corresponds with ammoiuA. 
The mixture of the gaseous ajid liquid phosphides takes 6re tpoa- 
taneously in the air. forming phosphoric acid. The anme hydrogen 
phosphides are formed when water acts on sodium phosphide (P>Nnj). 
A similar iniKture of gaseous liquid and solid phospburott«d hydrogen 
^Relfvrs lti94) is formed by heating (in a glass tube) red phoqtbonu 
in a stream of dry hydrogen. Hence we see that there are tArtt com- 
povruU Iff photphorrti with hydrogen : (1) The first or solid yellow 
phosphide, PjH (more probably PtH,), is obtained by the action of 
strong hydrochloric acid on sodium phosphide ; it Ukes fire wbea 
■truck or at 175°, {2) The liquid, PH,, or more correctly exprested M 
the molecule, P|B„ is a rolourletia liquid which takes lire spontaneooaly 
in the air, boils at 30°, is very unstable, and is easily decompoed (bj 
light or hydrochloric acid) into the two other phosphides of hydrogen. 
It is prepared by passing the gases evolved by the action of water 
on calcium phosphide through a freezing mijcture.' And, lastly, {i), 
gaseous hydrogen phosphide, phoiphint, PUj, which is distinguished m 
being the most stable. It is a colonrless gas, which does not t«ke fin 
JD the air. It has an odour of garlic, and is very poiaonooc II 
tnating motlKa tin ooiwficl witb nUjsroI cuboutaol uuDioDium. iiilbr*d pln^haaa; 
ttOO-aoO e.t. at «t« u> IbtD ponnd inVa ( fluk. 9 6 grunt ol tbii pho^hids of Ha 
dropped in, Mid klttrr driiing oat tba lii bj ■ ■Inun of euboiiic uid, hjdiHhlariii Mil 
(ip-gr, 110*) ispoorodin. Ths di»ne.ig«in«til d( photphamWed b^dn^ tdn* plaMOB 
huting th« fluk ia ■ wilcr IwUl Tba iDllowin); i« uolbu euj mtUiad he pvpui^ 
PH], K miitun of 1 put of lioc dnit (Famel ud 3 pvli □( isd pfa<icpfa<jrw ua hisllil 
in u ktmoapbeni at hydrogen (lbs miiton bunu in ur). CamhiDftlKiD UktajlM* 
aawmpjued by ■ flub, uid agrajmuml ZojPgiilDraiAd wbidi (ith FH>wh«o W«M*d 
witb dilute U,»0,. 

■ Tbg BpooMiieoDt infUfnaikbilit; d[ Uia tafdrid* FH, in ur ii -nrj NSiulnbla. uid 
it b puticoluir iiilcrHtiDg lfa>t IM uulngiiM iniiiiiiipoBlHB,PtC|Hkh(tb*toDBBUmiwt 
b« doubled] ukd Zn(C,a,}^ kl» tdn Em •fouUsHiuilj ia air. 



L 
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resembles ammonifc in many of its properties.' "' It is easily decom 
posed by heal, like ammonia, forming phosphorus find hydrogen ; but 
it it very slightly soluble in water, and does not Faturate acids, 
although it forms compounds with Boiue of ihem which resemble 
ammonium salts in their form and properties. Amoug them the com- 
pouTid viilh hnilrxodic acid, PH^I, analogous to ammonium iodide, is 
remarkable. This compound crystallises on sublimation in well-formed 
cubes, like sal-ammoniac, which it resembles in many respects. How- 
ever, this compound does not enter in<o those reactions of double 
decoropnsitioD which are proper to snl-tinmioniac, because its saline 
properties are very feebly developed. Phosphuretted hydrogen also 
combinee, like ammonia, with certain ch loranhyd rides ; but they are 
decomposed by water, with the evolution of phofpliine. Ogier {16S0) 
showed that hydrochloric acid also combines with phosphine under a 
pressure of 20 atmospheres at + IS", and under the ordinary pressure 
at —3S°, forming the crystalline phosphonium chloride PR,CI, corre* 
spoiiding to sal -ammoniac. Uydrobroniic acid does the same with greater 
ease, and hydriodic acid with still greater facility, forming phosphoniom 
iodide, PH,I.« 

•'» The tn>Jo37 btliBta PH, uid NHj ii purtii^aUrlj clou in tha hrdnxAriwn 
deilntiiu, Jiut u NHiR. NUR,, and XRj. when Ri(CE[;.ud olhar bjdriKHliiifl 
ndicUt, comipund taKB-;, h> thrre u« utiullj umilar eoinpaundi correspondiDg to PH^ 
Th«i« DcmiioiuidB fonn * brADch df DrgkoiQ chemiitrf . 

* Th< pEilodicUwuil direct ■]ii>ehineal<tbeiBaleclilu-vcigh()ihoi* that PHgiillu 
DorTD>J DonipaDDd 6l P uid H ud th>t H i* more •impis tbwi PH, or P,H„ jatt >h 
ineLlUJie, CUi. ii more limpla Uun itbww, C.<H,. who» empiriul compoiitian ii CV 
Ths (oriMkian af liquid t>l>o*pt»mtted h;di;>iwu niiT l>e nndi-nlood from the Uw 
■nbMilDtiou, Tlw univtlEnl radicle o< PHj !• PB^ (nd ir it it cmnbined wilb H id PI 
il teplusu Bin liquid pkwphnntted hrdrogea.iibich thoi givea P>H,. Thin unbiUnce 
COTTHpoDdl with lt« imidogBU (bjdtuiaef, N,H. (Ch»p»er VI.) Probibly P,H, ii 4bl( 
to eonibine with HI. snd )>erbk|» ftlun oilb 9HI. or other iuaUcuJcE-~th(t it, l« f 
(obiliuiEe CDrMspondiDg to pfaniphoniun <odida. 

PhoiplionUm ioiiiit, PHiI, miy bo prupared. iiccordipg lo Buyer, in lu^a qi 
tin in tbo lollowing muwu:— I'M puU o[ phoiphonu an di»olT«l in dij caiboii 
hiinlphide in ■ tubulated retort : whan tha diiilarB hai cooled, ITS pcrti o[ iiidid« 
mn iddsd litUa b; little, ind tlw cubun biiulphide i> then diitiUed oil, thin being dons 
tnnuds the ind ol the operation ia ■ cnrrmt ot dry cu-bonic anhydride ■! ■ Dodente 
temFerklun. The neck of the retort im then eonneoted with ■> wide glue tuba, ind the 
(ubulore with e luinel tDmiihed vilh d Btopcock, nnd coatwDiiie bO paiti ot oiler. 
Thii nt& ■■ added drop by drop to the phoipboroua iodide, and a uiolenl reaction takea 
place, with tbe eiolution of hjdiiodic acid and phoaphoniiUn iod^. The latter coUerIa 
ai eryatala in the glut tobe and the retoit iltelt. It ii purified by further diitilk- 
liona^ more than 100 parti may b« obtaiDcd. Baerei eipreaaM the naaction by the 
eqnatian P^-fSH^O a PlI,I-f PO,; and tbe eompound POj may be repreeeDled aa 
phaepbofoBi pfaoaphoiic anhydride: P,Ot+PiO, = (FOr Aa a better proportion wa 
may take 400 grama ol phoapfaorui, OSO gruna of iodine, and flfO grama of water, and 
etpreaa the formation Ifau ; ISP-rSI + aiH^O = SH,P^.f7PH,l4-aBl (Chapter XI,, 
Note 71). 

uiwn iodida and nen pboiphine act •• reducing agenU ia wlaklwu ol 
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PhotpKuretltd hydrogen, or phosphina, PH,, is generally prepared bf 
the action of caustic potnsh on phosphorus."' Small pieces of pbo»< 
phorus are dropped into a flask coataioing a strong golutioo of caostia 
potash and heated. PoUssium hypophosphite, H,KPO], ia then ob- 
tuned in Bolutioo ; goacous pho^pburetted bjdrogon is evolved : 



P,+3KH:0 + 3H,0=.3(KH,P0,) + PH, 






Liquid phosphuretted hydrogen {and free hydrogen) U 
together with the phospbine, so that the gaseous product, on esoaping 
from the water into the air, tabes fire spontaneously, forming beauUfal 
vbite rings of phosphoric acid. In this experiment, as in that wiUt 
calcium phoaphide, it is the liquid, P]M,, chat takes lii-e ; but th* 
phoaphineset light to by italso bums, PHj+O, = PHaO,, The sum 
phoaphureCt«d hydrogen, PH,, may be obtained pure, ami not spoa- 
taneously combualib'le, by igniliug the hydrates oE phosphorous actd 
j[lPHiOj = PH,4-3PHjU,) and hypophosphorous acid (2PH,0, 
^ PH] + PHjO,) , or, more simply, by the docom position of calciim 
phosphide by hydrochloric acid, because then all the liquid phosphide 
F,E,, is decomposed into noa-volatile P^H and gaseous PH|. Fun. 
phospliine liquefies when cooled to —90', boils at — 85°, aod aolidi 
at — 136° (Olszevski). When phosphorus bums in an exces*"'^of 









hoRAd thil with K BotoUon ol (Olpbtirt 



anIiTdild* pbot- 



lifi«fe^H 



poHed Irora tha flMk bybydtogen, ot KmB Dtlici gM *hlch 
will not iDplnK coDibnation, t\ otbtroiN mi eiploiian migbt UIib f>Uc« owin( lo lln 
■pontArmui inflammkbilitj of the phocphnrettBd hydrogen. 

TheCDiabDBtioa of phoiphurellsdhjdrogeti id oiygcu ilto Uks plut nudn mtv 
«li«i Ih* bnbtlu of both guea msri. uid it <• mj biilllul. Thn photphonlted 
hrdngnn oliUIned by the utiim ol pbaapboriu on caUftic poluh iJTii]r« contain hM 
hydTDg™, »iid att»n OVBO the g«at>r pirt a! the gu erolvBd nnaiuli ot hjrdtagwi. 

Furr fhoiphurtlicd hydrogen (not eQiilainin^ lij^rogen er liquid « uSd pbsa- 
phldfil in Dbuined by tlie tctton of ■ lolntion d[ potuh OD phw[iliaaiHn laAda: 
PH,I-.KHO-PHj+KI-t-H,0 (in ju.t the wine My H HnniMiU i> libtriM InM 
■mniDiiiam chloride). Th* mction proMad* euily. ud Iha purily of lb* 0M it MM 
fnm tha lut Uiit it U ttitinly kb»rb&] bjbtruhing powdeKod is ni' 
ioflun^Lblr. til mixlan *ith foygaa aiplodn when tli« prvtfur 
(Ohaplsr XVni,, Kotee). The T&ponn of btomlns. nltiie xid, tt., ■ 
acqnirs tlie property of hi<luniti( in tha kIii thut i*, th«jr pkrtlslly i 
lOiTDing tha liquid hydiida, PjHi, Oppanheim ihowed VhtX ■ ~ 
bMted it WO* with hydrochloric uid in n clottd lub« 11 toiwi tha 
PCUCHjPO;), logelher "iOi photphine. 

i<^>> If thsrvb* ■> deScianc; of oijgto, fliotplumut anhfdriit P^ la 
■u ebUioed by Thorpe %ai TdIIoii (1890) ud i> ruily vol>tiUwd, mrtU el VIFt, \n 
wilhoDl ilunge [in M slaioaphere ol N) or CO]) ■■ ITS", ftnd li Ibanlcif* Msily aapsniM 
from P,0,, which nUtiliaei vilh difficalty. The vapour dcnuly ■liowi thai tha mole- 
«nUr waigfat iidoobi*. i*. Vfit (Uko AtjOi). Allhougli cdIduiIhc, plioipborooi ashjdrtda 
Ota dauily in • atate ol toBDa it M> . IMD] lum. yellow and reddana in taa-Il|U 



>t •pantMMOalto 

a ia dIalBlthW 




A 



PHOSPHORUS AND THE OTHER ELEMENTS OF GROUP 1 



161 



oxygen, then only pkospfioric anltydrtih, P,Oj, is formed. It is 
prepared by dropping pieces of phoEphonis through a wide tube, fixed 
into the upper neck of a large glass globe, on to a cup suspended in the 
centre of the globe. These lumps ore set alight by touching them with 
(L hot wire, aud the phoaphorushurnaintoPjOj. The dry air neceasaiy 
for its GOmbustioii is forced into the globe through a lateral ueck, and 
the wliit« Qakes of phosphoric anhydride formed are carried by the 
current of air through a second lateral neck into a series of Woulfe'a 
bottles, where they settle as frialite white flukes. Phosphoric anhydridd 
may also be formed by passing dry air through asolution of phosphorus 
in carbon biaalphide. All the materials for the preparation of ihissub- 
stance must bo carefully dried, because it tainbinti with great eagerness 
with icaler, at the same time developing a large omouiit of hoat and 
forming nietaphosphorio acid, HPO3, from which the wat«r cannot 
be separated by heat. Phosphoric anhydride ia a colourless snow-liko 
eubsUxnce, which attracts moisture from the air with the utmost avidity. 
It fuses at a red beat, and then volatilises. Its affinity for water Is so 
great that it takes it up from many aabitances. Thus it converts sul- 
phuric acid into sulphuric anhydride, and carbohydrates (wood, paper) 
are carbonised, and give Up the elements of water when btiJught into 
contact with it. 

When moist phosphorus slowly oxidises in the air, it not only 
forms phosphorous and phosphoric acids, but also hypopliotphorU aetd, 
HjPjO^, which when in a dry state easily splits up at 60" into phos- 
phorous and metaphosphovic acids (H.PjOs = H,PO,-i-HP0j), but 
dilTcTS fiou a mixture of these acids in that it forms well -characterised 
ealta, of which the sodium utlt, H^^ajPfif, is but slightly eolubJe in 
water (the sodium salts of phosphoric and phosphorous acids are easily 
soluble), and that it does not act as a reducing agent, like mixtures 
containing phosphorous acid." 

(pouiblj red pho^phorua wpivritu oul 7), and docompiMM ■( *00" tniminj bypophos- 
phoroui uihydnds P^, (Nots 11) wd plinsphoroB. It pum into P,0, in vr u,A 
oifgeu, aud when iligbiljr liHled ia oilmen becanus InmiiiDUi, nod ultiinatdy Idktt 
itt. Cold mmtt! ilowly traiiaformn F^i into phoiphoric uid, bnt liot untM giv« 411 
■ipIiMian ud iMdi to thsformaLion ol PHj. (P,0,.t-eIi/> - PBs-»lFH,OJ. Alkali* 
act in lli» MnuMnaBnar. II Ealiei Sre in cHwine uid form* POCli wid PO^l, and 
MnbinsB wilh •ulphur tl IW, forming P~S,Oj [the maleDnlv f onoolii i* doable Ihii) b 
nbitanca which lolatilitei in vacDo luid ii decomposed by naWr ialo H,Sud phoephoris 
acid, 1.1. <I atj be regarded u PjOj. in which Oj ha> bosn rsploeed by two atomi ol 
mlpbur Jndgins from tbe (boTe. the mixtan ol PjOj and P^O, lonoed in the combiu- 

■' StStti proved Uio ciiatence oT hf pophoephoric acid (it is olio cdJed fabpbotphona 
•Sid}. In which oun; ehemiit* did not believe. Dnwe (1838) and lUmmelBbeig (ISM) in- 
ve>tigal«I ,1b u1[i. It may be obtained in n bee atale by the following method, Tlia 
■ololiou of acid prodaced 1^ the ilow oiidatiOD ot moist phoiphorae i> aiied »itb ( 
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Jnclging b; the general law of the formatioD of acids (ChapUr XV.)^ 
the aeries of phosphorus compounds should include the following «t1Ao> 
acida and their corresponding anhydrides, answering to pbosphuntMd 
hydrogen, HjP :— 

B,PO(, phosphoric acid, and P,Oj, anhydride, 

H]PO,, phosphorous acid, and ^fii, aohydric^e, 

H]PO,, bypophosphorouB acid, and P,0, anhydride.'* 

The last of tliese (the analogue of N]0) is almost unknown. Pho»* 
|>boric anhydride (P)Oj) with a small quantity of water does not »X Gnt 
give orthophoephoric acid, PHjO,, but a compound P,Oj,H,0, or 
FHO], whose compositinn corresponds with that of nitric acid ; this It 
metapkoiphoric acid. Even with an excess of water, combimiig with 
phosphoric anhydride, this inetaphosphoric acid, and Dot the ortiio-, 
Metapbosphorio nuld in solution onlj 
«id when the sotution is heated or after 



passes at first Into soluti 
passes int« orthopbosphoric e 
ft lapse of time. 

OrtkophoipAorie oeui" ii 
nitric acid until the phoepho 



obtained by oxidising pbospbonw with 
us entirely passes into solution and the 



•otaliaa [16 fx.) of aodiiun Kslate, A Kit. Ni,H^^,.aH,0, erywUIUm ml an esdl. 
iog ; it i> ulDble in <3 parti o! nttr, uid giiss > pn»ipit>(« at Pb^,0, witii laad •■lit 
t&g,P^( witb »1U of lilvu). Ths lud ult ia decompoHd bf t cuireot ol hjdrcwM 
■olphida, wJioL l«ad Bulpbida is pncipitAted, irhile the Kdaljon, evkpontod onder ih^ 
■MMTW et Uk •it-pamp, giiea uTiUli ot HiP^(,lH)0. wUoh f uil; Idh wtt« and 
gin RfiaOt, The wOU in irbish (lie H, ii nplxwd b; Nih u NIN>« or CdNa» ftb, 
an iUBflDble in yrtAtt. 

Id otd«t to Ha the relation belwHn phDiphoric acid and tTpophmphriris w Id mhiiih 
doa not cxmtaiB Iha alaniEiil* of pboipbatinu aQd (becania it don not rcdun aitlu* 
gold or menniry from Ihair Bolotiont], bal which aflrtrthfllaaa ia capable of being iniiliill 
{Sat axampta, bj potaaaiani pennan^analc) iaUi ph«phQr!c acLd, it ia ainvpLvat to ^pp^ 
tba lav of •ubttilutioo. Thit clearly lndicii,l«i the ralalion brtwMD oitlic acid, (COOH)* 
sad carboiuD Kid, 0B(CO0Ht. The ielation balv«n the above Kidi li aiaeUr tiM 
■ame it «< eipnu phoaphoric Kid ai 0B<PO0,Hg),becaOH in Ihia eaaa FAO»«( 
(PO0,B,)^ irill coiTHpond wi'Ji it jiut aa oialio doea with carbonic add, A uniiUT 
nlationabip enita between hypoenlphnrio or diUuoDio acid, (SO,OH)„ and nlphiui* 
Kid, OH(B0^H|. ai we ahall Sad la Ihg following chapter. Dithionis acid careapimd* 
with thi anh^dtida S]0„ intKloediaU between BO, and SOj-, malic add irllh Cfij, 
latBrniediaU between CO and CO, ; hjpopfaoeplioiic add comap«nda with th( sataj* 
drida P,0,, Intanoediatc betwsan P,0, and FiOj, and lbs analogue of NiOa. 

" Beiidei Um bjdnt« cDuiunated,BKinipoiuid.PH]0,iliouldciiintpoDdwiat'Hs. 
Thli tardrale. wlucli ja analogana lo hydroiyl amine, ia nol known in a traa aUle, bat it Is 
Inunra aa Inethrlphaaphian oxide, P<C,H|l,0, which ia obtained by Iha oiidatioa ol 
toiethrtpkatphhw, F<CA})' It nuat beobaervod Ihatlhare mijalub ' 
phoaphonu ramapoadinc with PB,. like N,0 and NO, and Ihere a» i 
of the fonnaljan of luch cnmponnda, but Hut data coaceming than cann 
aa ftmly eatabliahed- 

'■ Phaaphoric acid, being a aoloble and alnuol noo>itolatile iDbilJUic*, Cannot be pi^ 
pand Uke brdrDchlona and nitric; acida bj the action ol aalpboric aeidon tha alkali ptlO^ 
liliabaa, allbgDgh it ia parU^j libnatad in the pnoeM. ^m tbii pnrpoae lb* mHs «I 
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lower oxides of oitrogen cease to be evolved The reaction takes placs 
beat with dilut« nitric acid, and when aided bj heat. The resultant 
solution is evaporated to a syrup. Ifawoighed quantity of phosphorus 
(dried in a current of diy carbonic aohydride] be tAken, a crystalline 
masBof the acid con be obtained by evaporating the eolation until it con- 
sigta only of the quantity '* of phosphoric acid correepondi^g with the 
t of phosphorus taken (from 3 1 parts of F, 98 parts of solution). 
" . specific gravity of the liquid 1 -88. Phosphorua 
, and oiycbloride, POClj (see further on), give 
d hydrochloric acid with water. The two other 
acid, with which we shall presently become 
le ortho-acid when under the influence of acids, 
ten boiled and more slowly in the cold. By 
c acid (either in solution or when dry) does not 
itdoeanot oxidise, and therefore present* 
When heated to 300°, it loses waterand 



Theacid fuses at +31 
pentochloride. PClj, 
orthophosphoric acid a: 
varieties of phosphor 
acquainted, give the sc 
with particular ease u 
itself orthophospbor 
pass into the other varieties - 
the limiting nod stable form. 
passes into pyropbosphoric acid, SHjPO, = HjO + H,P,0,, whilst at a 
red heat it loses twice ns much water and is converted into metaphoa- 
phortc acid, HjPO, = H,0 + EFO}. In aqueous solution orthophoa- 
l^oric acid differs clearly from pyro- or meto- phosphoric acids, becaosa 
the solutions of these latter acids give different reactions thus ortho 
phoaphoric acid does not precipilAte albumin, does not^vea precipitate 
with barium chloride, and forms a yellow precipitate of silver ortho- 
phosphate, Ag]PO(, with silver nitrate (in the presence of alkalis, bat 
not otherwise) , whilst a solution of pyropbosphoric acid, H^PgO,, 
although it does not precipitate albumin or barium chloride, gives 
a white precipitat« of silver pyrophosphate, A^,F,0,, with silver 
nitrat« , and a solutioo of metaphoephoric acid, HPO,, precipitates 
both albumin and bariam chloride, and gives a white precipitate of 
silver metsphosphat^, AgPO,, with silver nitrate. These points ot 
distinction were studied by Graham, and are exceedingly instructive. 
They show that the solution of a substance does not determine 
the maximum of chemical combination with water, that solutions may 
contain various degrees of combination with water, and that there iB 
a clear difference between the water serving for solution and that 
eotering into chemical combination. Oroham'i experiments also 
showed that the water whoee removal or combination determines the 



butom oilud nuT be tiliCB, beniua thejr gin JDU 
•>8BiSO,->lH^O,l Bone ub eantaini, bwdca < 
Dcvom [^oBpliAtAS, uid flooiidei muA other blIU. h 



l<iu]Ia,thiuB>,ll>0,),*SH,80( 
ioDl phoflphmte, widium and m«^ 
&b H cumot give directly » pom 



ia DOi dona tha otlhophosptiorio Kid. PHjOf, loiva * poMion a 
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convoraon of ortho- into meta- &nd pjrophosphoric afidg dilTcra dit> 
tinutly from water of crystAtiiaation, for he obt&ined thosaJts of 4rtho-, 
met*-, and pyrophosphcric ncida with water of crystal! lEalion, and they 
differed in tbeir relictions, like the acids themselves. This water of 
cryatatlisation was expelled with greater ease than the water of coiistitu- 
tion of the hydrates in question."*'' 

Orthophosphoric acid has a plaosant acid tast« and a distinctly acid 
reaction ; it is uaed aa a medicine, and is not poisonous (phosphorooi 
acid is poisonous). Alkalis, like sodinm, potassium, and ammonium 
hydroxides, saturate the acid properties of phosphoric acid wlien taken 
in the ratio 2NaH0 : HjFO, — that is, when salts of the composiUon 
HN«;PO, are forrue.i. When taken in the ratio NaHO : HjPO,, a 
solution having an acid reaction is obtained, and when 3KaH0 : I1,P0, 
— that is, when the salt Na,PO, is farmed— an alkaline reaction is 
obtained. Hence many chemists (Beraelius) even regarded the ulta 
of composition R,HPO, as normal, and considered phojiphorio acid 
to be bibasic. But the salt Na,IlPO, also shows a feeble alkaline 
reaction, M that it is impoBaible to judge the characteristic peculiaritias 
of acids by the reactions on litmus paper, as we already know from 
many examples. Orthophosphoric aaid is tribasic, because it contains 
three equivalents of hydrogen replaceable by metals, forming adt^ 
luch OS NaH.PO., Na,HPO„ andNajI»0.. It is also tribasic. because 
with silver nitrate its soluble salts always give AgiPOd'^'a salt with 
three eijuivalanta of silver, and becAUse by double decomposition with 

i> diRnnncg belWHn tt 
•A hf Ormh4iii (iH p. IBS: 

u bean taj trotn exhkut(4d. At the prsunt tlina many tacb Kutancai va 
^h Id orguiie Ifor inituxw, Uia diflsnnci batwHtn tha mdiont of tlia mlBtiani 
Mh]idrid« uti hj'dntai of uidi), and inorguiic chsmiitir (tot tiunpla. tb* 
bftwMD Uie roH and pniple coUII wmpiiundi, ChiipUi UCIL Ac.) l^y 
MliaUr mosll ths long Icdswd ud (eDanlJHd dilIar«iD« batween C,Hi leUiyla*), 
0,R«0 (aibjl (liwhal - tthflani + intai),uid C,H„0 (dUifI >U»t -^ S fthjlatie * nlw 
A Iba prHost da; U» numtrout uulogoai phsioidena aiut- 
Inc taoBf JBanptnio anbaluiua ua onlj owiidand M ■ limp]* diflannn in dt^raw of 
aDpltr, dMiaccilahiiic Uis •■lat of coDiUtatioii [li;(lnttioD|. nTiUUiuiioo, ud lolatiga 
wllboW pMMtratlos Into Iha dillareau of Uw ■Uactora or diitrihuiion of tba ■!— -TnU. 
wUok nMi iMM ud (Ith rli* la a diallnel iaanuriiiRi of •otDtioo*. In mr opiuies tha 
•olehaakUT, aip«^aUy i>ith nc»n) (o kIuIidiu. >Koald nuke rapid tthdei whM 
H at tb* iBanum of •oiaUana. lor Inaluef, of orlbo- and pTrophoipho™ acida, 
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barium chloride it 
stiver and barium 
of the atkalia, pbospbi 



iamm a gait of the composition £a,(PO^)„ and 






I banc salts. 



nth the metaJa 



id forms soluble nalU, but the noniial 
satte of the metals of the alkaline earths, B](FO,), and even 
KiH,(PO,), are insoluble in water, but dissolve in feeble acids, such 
as phosphoric and acetic, because they then form soluble acid salts, 
especially RH,(PO,),."> 



I dxK 



It >, 



f phoiphaha. 



[itMlu— (or UifUnce, N^HFO,— il iliU ging AgjPO,. Ditris wH 
N>,HPO.»3AgN0,-AgsF0, + lNi>NOj+HNO,. Wlua deohoL 
Drlhopboipluu. Ag^O,, diuolirsd in aynpy phnaphorio uiil, it pnc 
«hito fall (Uw iJooboL tak«B ap llie tnt phoaphoho add) hating tho cn 
A^fHP04, which ia immedintalj decDRipDwd by ir&tcr into the nonzuU «U( 



i< n not ktMjfni), 
fUJiic DTthophofl^ 



Bd ph(» 



tekHplui 



cbn oF ThomuD iliowed Uut in lery diluts U]asong nlnUou (ha 
}wa K^id* — mtno, &cotic» hjdiochlono. &c. (bat hjdjo0uono bcid nun 
eu)~HX evolve the followiiig unoniiU of hut (iu tboneudi at alorln) 
.: NiaiO + HHX = l(; KaHO + EX-Hi WaBO -h HX - U ; (hml ia, if 
»r nNaBO -t- BX - It and NaHO 4 nHX- It. Beoca reaction hen onlj 
sn one moliwDle ol NaHO and oae moleaule of acid, and the remainiiig 
qnantity of aoid or alkali does not ent«r into the reaclioa. Id (lis cue of bihuia add), 
H,R" (sulphuhc, dithionio, oulic, aulphnretlad h;d»een, Ici.), NaBO-t- tH,B"-ll ; 
NaH0 4-U,R-VU; gHaBO<-U,R'' = 38: >|N>U0 + H,H"=<1S ; that is, with an eioaai of 
acid (NaHO + lH']R")UthouaiuduultaoI but are developed, and with SDeldeUDt alkali 
«S. Whm phoephoric aeid i> taken (but not all tribailc acida— rot instaoK, aol citrie) th« 
general ch> tactnr oT Ibe phanDmenon ia aimilar to (be preocding, namelj, NaHO + SiI,PO, 
- lt'7: NaHOi- HiPOi -ItB; aNaHO + H,POt = fl7'l; SNaHO 4-B,P0, - U'Ol 
aNaHO'BiPO, - (E'S; or,ingBneral(erTna,NaBO + nH^O, - It (appn»imBl*lj)aiid 
nHaHO + I1,P0, ^ U and not 13. which ibowa a pecoliarily o( phoaphnio acid. In the 
saae ot energatii acida. when ana squivalenl (IS grama) ol aodioin (in the Form of 
hydroiide) rvplacea one eqairalont [t gramj of hjdrogen (with the foriQatian of wat«f 
and in dilute aotutioni), It.ooO heat unita are evolved ; and thia ia true for pboaphotio 
acid wtaeD in HjPO,, Na or Ha, replacea H or H,, bnt whan Na|rgpUe«i H,lsuheat ia 
devalopsd. Tliii will be a^en from the following •cbeine baaed on the preceding 
Hgureai UjPO.+ NaHO- IfS; NaHiPOjiNaBO - 1*8: NajHPO. + KaHO - S»; 
with Na}FO, + HaBO, a vary small ajnount of beat i> evolved, ae may be judged from 
the Fact that Na^Ot«^BNaHO - I'S, bat atill heat iaavolred. It maal be enppoHd 
Uiat in acting on phmphorio acid in tba preaenca of a laiga qoantity of water, a earUan 
porlioa of lbs •odiuin hydroxide remaini aa allcali nncombined with the acid. Thoe, on 
bieraaaitig the miaa of the alkali, heat is ilill evolved, and a treah interchange between 
Naand H takea place. Hsnce water ihowa a decompoaing aotioD on the alkali phoiphalva. 

may ba jndgsd both from Ibe reactiooa of tbia aalt and troDi the amonst of he»\ 
developed by NaB^O, with NaBO. Sooh an elplanatioa ia in accordance with many 
liela oonceming the dsoompoaition oF aalU by water already known to ub. Haoent 
taaaarcbea mada by Berthelatand LoDgninme have conhimed the ahave daductiona nude 
by me in the flrat edition (ISJl) ot thia woifc, At the prownt lime viawa of tliii nature an> 
aomawhal generally accepted, allhoogh they aia ool aulScientiy alrictly applied in olbar 
caaea. Aa regarda PUjO, it may he aaid that . on the aobalitution of the fiial hydrfgen 
Ibi* acid acU a> a powerful acid |lik*e HCI, BNO,. H,BO,)i on the aubtlitution of the 
aaouid hydrogen aa a waakei ocid (lika an orgaaic acidj; and go the lubatitaUan ol 
the third. a« an alcobnl, tor initanca phenol, having tbepiopBtiM at* (Mblaacdd. 
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Phosphoric anhydride, or any of its hydrates, when ignited with ui 
excess of sodium hydroxide, carbonate, &c., forms oornial or Intodium 
OTthophDsphaU, Na^FO,, but when a solution of sodium cai'bOD&te is 
decomposed by orthophosphorlc acid, only the salt Na^HPO, is 
formed ; and nben an excess of sodium chloride is igoiled with 
orCbophospboric add, hydrochloric acid is evolved, and the acid aalt 
BjNaPOi alone ia formed. Theae facts cleariy indicate the small 
energy of phosphoric acid with respect to the formation of the tri- 
metallic salt, which is seen further from the fact that the salt Na^FO, 
has an alkaline reaction, decomposes in the presence of water and car- 
bonic acid, forming Na,HFO(, corrodes glass vessels in which it it 
boiled or evaporated, just like solutions of tlie alkalis, disengages, like 
them, amiuonia from ammonium chloride, and crystallises from solu- 
tions, as NajPOolSHiO, only in the presence of an excess of alkalL 
At 16° the crystals of this salt requii-e five parts of water tor solution ; 
t^y fuse at 77°. 

Diaodium crrthophmphats, or common sodium phosphate^ Ka,HFO(, 
is more stable both in solution and in the solid state:. As it is used in 
medicine and in dyeing, it is prepared in considerable quantities^ most 
frequently from the impure phosphoric acid obtained by the action of 
sulphuric acid on bone ash. The solution thus formed — which contains, 
boNdes pbosphorio and sulphuric acids, salts of sodium, calcium, ftnd 
magnesium— is heated, aud sodium carbonate added so long as car- 
bonic anhydride is disengaged. A precipitate is formed containing tfaa 
insoluble salts of magoesium uod calcium, whilst the solution eontaina 
sodium phosphate, Na,HPO„ with a small quantity of other salts, from 
which it may be oasily purified by oryatailisation. At the ordinary 
temperature its solutions, especially in the presence of a small amount 
of sodium carbonate, give finely-formed inclined prismatic crystals, 
Na,HPO„l2HjO ; when the crystallisation takes place above 30" 
they only contain 7H,0. The former crystals even lose a portion of 
tlieir water of crystallisation at the ordinary temperature (the salt 
effloresces), and form the second salt with THjO ; whilst under the 
receiver of an air-pump and over sulphuric acid they also part with 
this «at«r." When ignited they loee the last molecule of water of 
constitution, and give sodium pyrophosphate, Nb,P,0;. 



" KiqHP0i,13H,0h»& sp. gr IM. P(«gi&]o dsUiralnvd tli 
inula DlKuMrtUorihouliTdroiu odho^ilt Ni>*HPOi, ud (3) of iJx 
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Monoaodium OTthopfioiip/iale, NaHgPO,, crfStAUisea with one 
equivalent of vater ; iU soluUon has an acid reiictioii. At 100° tho 
salt only loses this water of crjstalli5atina, and at about 300° it parts 
with bU its water, forming the metnphosphnte NaPOa. It ie pre- 
pared from ordinary sodium phosphate by adding phosphoric acid 
until the solation does not give a precipitate with barium chloride, and 
tlien evaporating and crystallising the solution. The solution of this 
«alt does not absorb carbonic anhydride, and does aot give a precipitate 
with Ea1t« of caloium, barium, &c.'* 

dilhnBiia ■Jons aJretdj indicnUi the d»«pl7-ac&M altUBtion ib conBtHutioa obich tnkts 
|iUm in the {»■■•£< t""^ ^<> ortho- la the prrO'ulti. 

» The onniiMiuin orlhophoipliata reHmUe the •odiiim u!t> Is mu^ reipectf, but 
the inatitoUt; of the di- ud tri-mclijlic bkIU ii teen in them BtOl mote cleuly thu in 
the Kdiain ulli; (hue (NH,)^0,. und even (MU.KHPO,. lose Bmmonii in th* eit 
{eipeciilly when huted, even in eolnlioni} ; NH,HgPOi ilaiietloei not disengige uuBDUlk 
■ad huu uid TMCtion, The crjrilili ol the Bnt ull eonlajn SHgO, ud ue bdIj 
iDtnwd in the prvence of u vccecb ttt unmoiuH ; hoth thft othen ue anbydrouBT Mad 
lavr ^ ob(«lDed lilco the •odium aaUp. ^hen i^tod tboBfl uJti le&ve nieU.phH|)hono 
•dd behlad ; tor cnunpls. (NH,),BFO. ~ 3NH, >. H,0-fHFO,. ^ramania •im enten 
Into the eoinpoaCtJon of aanj double phobphttei. Ammonium kodinm orthophnpbiLte, 
«( limply phoiphate. NH,NtHFOi,4H,0, cryililliHi in luge tfinepiirent nyitidB bom 

caeewxtinm chloride is otitsined in the mother liquid], or, bellecetill, from iitolntiDIi of 
bonoeodiom ptiocphete efetard-ted with unniooii- It ii ileo foimed from the phoipluteft 
Id oiiDs Then it termeDli. This aalt ia freqocnlly nied in tcating metoUia compouoda 
by the blow-pipe, becaaiewheD i^ted it leeves a, vitreotu metkphoeph&te, NePOi, 
wlktch, lik» bemi, diuolvBi melellic oiidef, forming cbftnicteriitie tinted glaaeea. 

When itBolationof trisodiom phoBphete i» edded to ft eolation of Ama^eiium uttit 
giTee k white precipitate ol the nomul orthophoiphate Hg^0i)],TH,O. If the Iri- 
jdinm lalt be replued by the ordinary ult, NijHFOi, a precipitate it alw fonnad, and 

" " no,,,^ ^, Mgj(PO,), wonia 

a and a salt of uiB^efliuna, bat 

lapyro- 
(liaiphatii HgjPiCV This tail ocean in natore ae the mineral ■tmviU, and is vatiou 
p«diiol> of tlie ohangee of animal nutter. If we mnglder tliat the above ull parti with 
ammonia with difHcnlly, and that the coireepondinc ult ol Hdiwn ie not lormed nnder 
Iba lama ooodiliaai (ligNaP0iJH,O ii obtained by the action of mugne^a □□ diBOdinm 
phoipbata), if wa t«ni obi attention to the (aot that the ulte of calcioiii and barimn do 
pot form dooble aallt an eaaily ae magneHiam, and remember Out the aolti ol maf- 
Bsdmn in genonl aonly form donMc ammoniom uJls. we an led to think that Ihil 
«ll it not really a Botnial, bst an acid ult, urresponding with Na,HPO(, in whiah Nb| 
Ii re[dacod by the eqni¥Bl«nt ^ronp NHsMg. 

The catnmoo ootnsl eatnum phoiyliiiie, CttlVOtJt, ocean in mlneralt, in animal*, 
•apecially in bocea, aii'l alto probably in plante, althoogh the tth of many portiont of 
plante,aaBral*,eiintiiinBlBHlimelhan thefomutionoIthenDnnalialtreqaini. Tbu 
too parte ol the aeb (fram G,000 parte of grain) of rye grain contain 4T'G nt phoephorio 
ufaydride and only 3^ ol lime, and ersn the aah ol the whole ol the rye (inehiding the 
■tiaw) ooBtaint twice ae mnct* pboepharic anhydride u lime, and the normal lalt cootaina 
•hnoM equal weightt ol theae eobttancei. Only the tih of graun, and eipeoiiJJy d 
elever, and of Ino, eonlaini in the majoiily of catet more lime than fi required tor Ika 
in of C%P^ Ihil Mlt, which it iuoloble in waist, diuolre* STen in m^ 



HgUP0t,7H,0 ii obtvned. II might be tbonghl 
be pnd^lMed if dieodiom phoephale waa added to 
in mhtj aeiBinniyiii nufnuiiHn orlhoiiltDIpltate, UgNHJH),,eHiO, 
id water when ignited. 
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Ae a hjrdnte, orthuphosplioric ncid should be expreased, after tli« 
foaliion of other bydratcB, as cootaining three vater r^Hidaes (hydrosyl 
groups), {.«. as PO(OH}i. This method of exprMsiou indicates that 
the type FX,, seen in PH,I, is here preserved, with the snbatitu* 
tion of X, by oxygca and X, b; three hydroxy! groups. The tama 
type appears in POCIj. PClj, PFj, &c. And if we recognise phos- 
phoric acid as PO(OH)„ we should expect to 6nd three anbf dridea 
corresponding with it : (1) [PO(OH),|,0, in which two of the threo 
bydroxyls are preserved; this is pyrophosphoric acid, H,P,Of. (2) 
PO{OH)0, where only one hydroxyl is preserred. This is metaphos- 
phoric acid. (3) (PO),Oj or P,Oj, that is, perfect phosphoric anhydride. 
Therefore, pyro- and mtta-photphorie acidi are imperfect anhj/dridtt (or 
anhydro-acids) nf lyrthophotphoric acvi^* 
teeUe uida u moatio moA solphoroni, ud «Ton in wnlel eontiunine eubonio txA. Tha 

ttmulei ths salcium pboiFb^lea in the toil iato aolntioni -which ue Kb»rb^ by pUala. 
Th^ tolDbilit]' ol the nonul wJt in icidi Ukea plica bjr rirtas of ths fomution at aa 
uld ult. itbicb ia gridaiit from the qnuUtr of u^id reqaired lor itt ■olnlJon, uid nun* 
elpMiallj from tlio [kI tb^t the uld ulalions whsn eiiponted gire cijildlin* (oUaa 
Dt the koid nloiuin pboaplwte. C>H,(PO,)„ oolufalo m water. ThiiaolubiUlT of ILi »tiA 
«&fl larme the bwi ol the tteblmeal bf kf ids of baitee, phoiphontei, giieno, uid other 
nilorel prndocte ooottiDing the normal bkII and emploTed (or fertiliiing the uiL Tha 
perfect denunpoaition reqaini et leul SH,BO, i/, CsjIPO,)!, but in renlit; lete ii Ukea, 
BO tb*t only « portion of the nomul ult ii converted into the uid ult. BTdreoUoHo 
acid it ■ometimeft Died, fin praetiCB aDeb miitnrva are known ee mperphifp^ia)^ 
Certlun erpsHmeuta, however, nhow thAtethofoughgnnding. the praaenoeef organic, end 
eoiieoi&lljalnitrogenoaB.anbfltuicea, juid theponiuaBtaictureof ■oiaacaloininphoflpbateft 
(for eumpls, in burnt booee). tvaitt Ihe tte»lnjen» of phMphotk miBurei bj eeidi enpw. 
flooue — that ia, the crop ii nol improved hj it. 

" En thia feensa the ortho-acid itfielf might bo regarded aa kd aiihjdro-acid. coantinf 
P|BD),u (he podect hydrate, if PH, eiiited; but aa in general the normal hrdral«i 
corroapond with the existing hydrogen eoniponndi with the addition ot up to latomaot 
oiygen, Ihecelore PU,0, ie the nomul aeid, jual aa aH,0, and ClHOii while tTRO,, 
CH^, aio meU-acide, or higher nonoal adda <NQjO, and CH,0,) with the loaa of k 
nioleeole dI water. 

In order to aee the relation between the ortho-. pyTO',aud molA-phoaphorie aeida, Ih* 
Bnt thing (o remtrli in them ia that the anhydride P/), it combined with 8, 1. and I 
nioteoolet of water. Id the abaence ol data lor the molecular weight of onho- and pj'i'* 
phoaphoriD aeidi it ia neoetiaiy to mention that all eiiiting datt for meta-phDiphorie aekd 
indicate (Note il) that iU molacnle ia niDDh moi* complu and containi at leaat HtPjO^ 
or HeP,0„. The eaplauation of the problama which here preaent Ibenuelvea can, it aaeraa 
to me. be only looked tor after a detailed atndj ol the phenomena of (he polyneriaatioaa 
ol mineral anbatanoea, and of tfaoae compln acids, auch aa pboapliomotybdic. whicb ■■ 
aloll hereafter daicribe {Chapter XXI.) A aimilar intlance fa exhibited in the aolabililf 
ol hjdrale ol aiiica (ptodoct^ by the aotiou of ailicoo Hooride on water) in tnaad bi>I». 
phoaphoric acid, with the formation, oB coaling, of au oclahtdial compoond (ap, gr,. ■'!) 
containing 3iOif |0i. A certain indication (bnl do proof) that ordinary orthopbo*- 
pliorie acid ii polfraeriaed ia given by Standenmaier (IWt]. who oMainad a aaU, 
K,H,P|0,e by the action o( a eolntiaD of KH,POi span K^O,; and a eoapooDd. 
KH,P^,.earreiponding(athedonbledDi>lM<ilaat H,PO„ by the aiHion of KB,POa 
npen HiFO, iUeU. 
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Pyropiioiphoric aeid, HtP,0,, is formed by heating orthophM- 
idiorio acid to 250° when it loies wdter."*" Its nonoftl salts ara 
formed by igniUng the dimetalHc salts of orthophosphoric acid of 
the typ«s HMjPO,. Thus from the diaodium salt we obtain Hodium 
jiyrophoaphfttv, Na,F,0, (it crystallises from water with 10H,O, ia 
very itable, fuses when heated, has an alkaline reaction, and does not 
form DTtho-saltfi when its solution is boiled}: and from the mono- 
aodium salt NaH.jPO, the acid salt Na,H3P,0, (easily soluble in 
water) is formed ; this has an acid reaction, and when ignited further 
gives the met* -salt.'" 

lietajihotphoric acid, HPOg (the analogue of nitric acid), is formed 
by the ignition of the pyro- and ortho-acids (or, better, of their 
ammonium salts), as a vitreous, hygroscopic, fused mass (glacial phoB' 
pborie acid, mytdvm phoiphoricum glaciaJe), soluble in water and 
volatilising without decomposition. It is also formed in the first 
slow action of cold water on the anhydride, but metaphosphoric acid 
gradually changes into the ortho-acid when ils solution is boiled, or 
when it is kept for any length of time, especially in the presence of 



I 



!*"■ According to WktMn (tWSJ tha ortho-Mid i> putiallf truaformtd into tlia 
pyro-uid ftt ISO", obilil St 380° tha Uttu bagios to Tolitiliae. At 800° the niits-tciJ 
obIj ii lonntd. 

** The method of pnpu'Btidn of tha acid luelf coniiiti in oaDVEiting the Bodiumialt, 
NttPiOi. hf doable decompoailioD irith vitar ud k ult o( leftd, into iDtalable letd 
pjiophotphate. Pb,P,07, which is then la^pended in walar tnd decampoced bj «iilphBr. 
etiad hjdjc^en; Lead aolphide ib than precipitated, and pjrophDepharic aaid remuni^in 
•olBtioo, Thia eolDlion canoDl be bested, or the piro-acid will pau into the OTtho., bnt 
miial be evapafated under tbe racaiver o[ an air-pump. It coDcnntralai to a tjivf and 
cryitalliaea, and when ignited in this torm loeee water, aod fonn* fnctaphoaphorie acid. 
It rveaTDblei orthophoaphoric sfid in Dumy reapedte; it* B^ta with Ihe alkaUi are alao 

with afid it giTea arthopboephoric acid, aa irall u when tattd with an eioeii o( alkali. 

Witt haalad ammaniam chloride with pbnpbonc add (bjdrochloric aeid waeeTolved), 
ignited the reeidue to drive off ajnmonia, and obtained pjrophoBphoric aoid in the 

1 Ai when naing pbaoolphthalaiD ai an indicator in DCDtraliting b; an ^kali meta* 
phosphoric acid ii monobaBJc, and otthophosi^baric acid in bibasie, it ia ptnaible bymeana 
of thia diBarenco to follow the tranaition o( meta- into ortho-photphorio acid. Babatiel 

chaDucal tranifonaationa which belonga to phrncal chemiitiy. 

Kctephoaphoric acid haa a pAfticular intereBt in reapBct to the Tariations to whioh 
it* lalU an nbjact. The metapbosphatea are [armed hy the ignition of the add oHlio- 
phoapbktea. KS^O,, or HNH.BFO,, or o( the acid prropboiphalea, M,H^^,, or 
Mi(NH,)|PiO,, water and ammonia being giren oB in the procoe*. The properiiea al tha 
ipeliLpha*phateB, which hn>e a Himilar compoaition to nilratce— for initanoe, MaPOf. or 
Ba(POj)j— >arj according to the dnration of tbe ignition to which the oitho-, or pyro- 
pbinphatea from which they ue prepared hate Iwen subJBctsd. Wlien the aaJU HaH,PCi, 
or NH(NaHFO( an atmglj iyniled, a ad( NaPOj is formed, which ddiqoMOM in tha 
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In order to see the i^ation between phosphor! 
ooids of pboaphonu, it if dmplest to tmogiiu 



:«ciila&d tha lower 
tha Bubstltutioii «t 



(JD 1B9D-40). u 



w Uie nomendBtan nud 



H Sts poljDisrio larm at 



MoTtomftapttoaphoric acid. The 
nier; •roa Uie b>1U KuPO,, KFO^ i 



ilnbU. Tta«; u 



•Uinto u avOtied (Sie"), b 

JHmf tapAoipkinit acid, on tha cotitrary, fuily [onus doDbIa nlti — br vKUBil*. 
KH*P|Ot, and alio the oopper poluwiun ul;, 111, Tho copper ult ia efateiiwd bj anpo- 
nting a (olatioa of ooppei uide in orthopboipharui icid. A btii« orlltt-iali, C11BBO4, 
Anl HpsntcH from tha eolatioD, then a light-blue pyro-uilt, Ca^^ ; and *bon KW, 
(riien Dielaphosphorio Mid itieU, begin* lo Tolatiliae, the dImeUphoBphato, CoPftV >■ 
faomed. TheiFiidue iawadiedmthwaler.anddeoompoaediritbahatKlDliaaolaodiaM 
■n]phid«,«hen the lodiiuD ult, NagPiO', i> obtuined inKilDtion. Tluiiia)t,i>luuien{iD- 
nted trith alcohol, givB* cryatali couUiiiing a mal. H,0. vliicb, hsHarer, rclaia llieii 
•olubililj (in T pnrti at water) alter the irater ia driven oS at 100°. When fused, tlin* 
cr7Btali give a del^uescent aalt {heia-metaphoiiphate}. The aolctioii of l3if aalt ht^ % 
neutral reacUos, which ooljr s.tlifi' prolonged boiling beconei acid, owing to tha (onufc 
tion or orthaphmphate, NalliFO,. Tha tolobleaalU ol dimctaphcipholic acid glTB Iha 

ulubta ailrec salt, Ag,Pa04. with (ilru nlltate, aitd a prediriUU of BtFiOfiB^ 



with b. 



ichloiid 



iettipho9phorio acid ia obtained as the ndinm lalt Na^PsOp when ai^ olhar 
Dulaphoiphata ol aodinin i> fused and tlmtly oooled, then diiulyod in • iligbl iiiewi 
of warm water, and the lenlllant ulnlion avsporated. He ci;ttaU contain S DoL H«0| 
and diiBolva in foor parte of waters An acid reaction ii only obtained, aa with Om fw^ 
coding aalt. after pralongad boiling with water. Tb* add ia • traa analogna of ailris 
acid, bBoaaao all ill melallic tallt arc tolubls. 

BexametaphoiphoTit acid. Fleitmaiui to nuaed U» ordinu; tnel44ihoirphorto irdl 
(gladal) Hliieh altracti moiitare. The deiiquctcenl •odium nil is obtained, like (ha tA- 
inet>pboi[ihale, only by rapid coaling. It ia alio formfd by foHiiig nlvai oifda wiSk 
an eireuof phoiphorio acid. The lodium aalt i> mliilili in iiiilm. tml ^jm itaiiiiiii. 
elutio pncipitatea intb saltn-of Ba, Ca, and Ug. Imbeil (lB9S) obtained laUa af if^ 
Pb,*n. 

JawelD wid Thillot (ISM), who Inveitigated the aodinoi aalli ol metapbofpliaris mU 
by Raonlt'a method, came to tho ooncloiiion that the aalu of di- and tri-metapboipltMa 
If id bobfrve in buchamannerljiat their molecule inuat be roprcaentedaanon.polymeriseA 
tloPOj, tthilat thoee of hi!iiunsta|)boap1uing add bchare ae (IfaPO,)!. At all cnnl*^ 
the Hrie* ol ulla which Flcitmann and Henneberg regard ai raonomctaphoaphata*— iA 
fa non-polymcriKd — are moit probably the moit pgljtneriiod, becanio they W* ii^ 

J to Tamman'a teeearcbeR, viLreoua metaiphotpbonc acid eontafna a mlxln* 
^onaiiting obiofly oJ two Tariotiee, dilTariiig In the aolobility and dcgreo of ctafailitj at 
Lhcir »lla. The leut atabie earreqionda to FloitmaDn't hna-icid, and glioa tblM 
lacmarlo aalta. Tamnun ume to the condutiou that tliere eiiat polyman aba La th* 
Ictm of penla., ortho-, and deca-malaphotphoiic addt. Without goioK inlo delaile spoB 
Ihii iDhjKl, I do nol tliink it (DperilnoDi (o point out that the unduoblsd capahllitj a| 
metaphoapfaccio acid to polymeiiae ahould bo oouMsted with ila faculty lA eomblntaf 
with water, whOil the degree of polymeriaaUon ud lli« niunbei of polymario Imna 
~ aa anftdantly eipUiMd. 
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hydrosyl iii H,PO, or PO(OH)j by liydrogeo. Then from ortho- 
phosphoric acid. PO(OH)j, we shall obUinphospliorousacid.POHfOH),, 
and hypophosphorous acid, POH(OH) ; and, forthemiore, phosphorous 
acid should be bibasic if orthophosphorio acid was tribauc, and 
bypophosphorouB acid should bn monobasic. This conclusion *' '''* ia, 
in facl) true, and hence all the acids of phosphorus may be referred 
to one common type, PXj, whose representatives are PU,I and 
Pa,.POCl),PCIiFi, &c. 

Phoipkoroua acid, PHiO^, is generally obtained from .phosphorus 
trichloride, PC1„ by the action of water PCI, + 3H,0 = 3HC1 
+ PHjOj. Both ncids formed are solublo in water, but are easily 
Beporated, becnuse hydrochlorio acid is volatile whilst phosphorous 
acid volatilises with difhculty, and if a small amount nf water be 
originally taken the hydrochloric acid nearly all passes off directly 
Concentrated solutions of phosphorous ncid give crystals of H^POj, 
which fuse at 70°, attract moisture from the air, and deliquesce when 
ignited, giving phospbine and phosphoric acid,'' and are oxidised into 

«"■ Tlw bibMitjol HjPOj, eatabLiihed bjF WUtia.hM beanprorcd by naoj rtireci 
cxpenmanti (tee, for ipstenpe, NaLf 39), unong which w« m%j mention Uul jUoal [ISM] 
look ■ Duitiin o( (he •qusoD* (olntions □! N»,HPO, mi KtSO ud idded abiolalo 
•Jeohol to ik Two Ujeri wen (onned; ths npjier, iJikiLDlio, OHiliiiiied aJI the ejcm 
of NitUO, whilst the lowir onl; conluned the ult N>,HPO,, irtuch was therelore amble 
bi nut with tlie aicen ol NiBO. Anul <Jk) obbuoed NtHiPOi bj HtantinE HiPO, 
with hmIa until he abtunod A neutr&l riuution with meUijl-dnjige. The repLuviaDat 
ot tmtj atom oi H bj sodium here, ob in pbDaphoric add (Note ISJ. ^vtt mora hen-t thim 
the replAcament of the Hcond fetom. For Uie third Ktom than ie oo forniAtinii of a ult, 
mod tlierelore do evolulion of heat. The monometallic ulta—for muiiple, NoH^Oir-ar 
ths uDmonii HJta. when heated to 160°. give, as Amal had pniioUBlT ihcwn. ■ ult 
<tt tibiuio pTTophDaphoraua acid. Njif HgPgOa- 

" Phtfnphoroua acid, when aubjoct«d to the iLction of oaaceat hjdTOifen fainc and buI- 
phnnc add), arolTea phoaphine. and when bailed with an eicna of alkali it eroliea 
hydngai (PHiO,-i-SKHO'PKsO,-f 8H,0-t H,), owmg to ita liability to oiidation, it ia 
a ndncjnp: agsnt — for inituice, il redocea cupnc chloride to cuprooa chloride, and prv- 
dpikalea ulvnr fiotu the nitrate ao^meieary from it» aalta. 

Thaa* raactiana an perhapa connectsd with ths fun that in thia acid one atsm of 
bTdiogan ahoold ba ooDndered aa in the aame condition ai in phoaphnnitted hldrogen, 
which ii Bipieaaad bj the rormula PHO(OH)^ if we repreaent il aa PH^X, wiUi the inb. 
atitDtion ot two ol the hjdiogeD atonu b; otygen and of BX bj two of bjdrotyl. The 
direct paaaage of phoapboroua ehloridp into pboaphorona acid would, bowerBT, indicate 
(bat aU the three aloma of b^drogen in il occur in the Conn of hydroijl, b««a>e no 
diDeKDce IB knowD between the thne aloma of chlorine in PCIj— Uiej all react alike, ai 
■ rule. However, UenadintkiD, bj acting on alcohol, CtHjOH, with phoiphonnia chloride, 
ohuined hydrocUona aoid and a labglanoo PIC^O|CI,, and from it b; the action of 
bromine he obtained otbjl bromidB, C^jBr. and a compound PBtOCl^ which provea, 

ignition of phcHphorou* acid, we aee that «FHaO, onlji oolve SB in Iha form irf PHj, 
•nd Ihertfon the naiduf — that ia, aPHjO^ — will tlill contain one hjrdrogen of the 
aama uatora a» u phoaphine, bacaoas ui iPB,Oa wg aboold ncogoiM tool «a«h hrdro- 
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orthophosphorio Bcid by many oxidisiog ageota. In its boHs only two 
bydrogea ntoms are replaced by metals (Wiirtz) ; tbe salu oE the 
ftlkalino roetals ars soluble, and give precipitaUs vith solta of tlw 
mtyority of other metals. 

The monobasic hypop]ioaphorou» onrf.PHjOj, gives aalto PH,0,Nb, 
(PH,Oi),Bn, &c. ; the two remaining atoms of hydrogen (whtdl 
exist in tbe same form as in phosphine, PH,) are not replaceable hj 
raetalii, and this determines the property of these salts of evolTing 
phospliurotred hydrogen when heated (especially with alkalis). Ta 
acting on substances ILtble to reduction it is thb hydrogen which acta, 
and, for example, Ttducts gold and mercury from tbii solutJona of 
their salts, or converts cuprio into cuprous salts. Id all these instances 
the hypophuEphorous acid is converted into phosphoric acid. Under 
the action of zinc and sulphuric scid it gives phosphine, PUj. Never- 
tJieless, neither hypoposphorous acid nor its dry salts absorb oxygen 
from the nir. Tbe salts of bypophospborous acid are more Golable 
than those of the preceding acids of phosphorus. Thns the sodiuia 
salt PNaHjO, does not give a precipitate with barium chloride, and 
tbe salts of calcium, barium, and many other metals are soluble.** 
The hypophosphites are prepared by boiling an alkali with phosphorus 
so long as phoaphuretted hydrogen is evolved. The acid itself is 
obtained from barium hypophoaphite (prepared in the same manner by 
boiling phosphorus in baryta water), by decomposing its solution with 
sulphuric acid. By concentration of the solution of bypophoaphoroos 
Acid (it must not be heated above 130', nt which temperature it 
decomposes) a syrup is formed which is able to crystallise. In the 
solid state hypophosphorous acid fuses at + 1 7°, and boa the pnqwfjie* 
of a clearly de6ned acid. 

The types PX) and PXj, which are evident for the hydrogen ■ad 
oxygen compounds of phosphorus, are most clearly seen in its bologeo 
compounds,'* to the consideration of which we will proceed, fixing 

(ilh}p<i|>h<wpben>u«id,aPEsOi-PHi-FBsO,' 1>> '^' >**> molecn[ai at Uw rnoKX 
buio hjpoptkMpliaroDi >cid uksn, Ihen *n onlj two ilomi of fafdrog™ nplaccdil* by 
nutdi, vliilit in Iha nmlacnta oT tbe rendUnl pb«iibarlc uid them ira thna. pLiih«lJ« 
rcIkUouof thlt nMnn dotanniiia (he nUtivs lUbiliLr of tha di-atctallio adto of MIlB- 
phoopharia utd. 

** CiJciiiiii bj]»phoiphil« fi oud in DWdidnc Aiimnllnf lo C«TUit, & miitiiM el 
•odium h jpophotphila, NaU^O^ ud Bidiwii nitnle eiplodn TiolcntlT, 

M PlD<irli» wid bmmma ftv* PX] and FXi, lik* thlarin*. Wilh nip«t lo ledina 
PI) li, in ■ chemical mum. ■ vtrj nniUble aubiUaH. ud rH>"^lT fliiiiphoTvt tri- 
iodidt onlj ia fonned (from fallow or rad pluMphoma uid iodine in the raqnitit* propci^ 
irnDi)' II it ■ ted cryaUlUtio mUUncf, loua al'tlf. iinHilj decomiiwd by W*IB. 
lorming phoipborout and bjdriodio uidt. and vhan bralcd it aro' 
■lid luniii phoiphoraa dl-iadida, PI,. Thi* anbaUiuK maj b» obUined in Iha ■ 



1 



I 




PHOBPaOBUa AKD THE OTHER ELEMENTS OF QRUUP V. 173 

onr attention more especially on the chlorins compoDnds, as being 
the most importaut from the historical, theoretical, and practical point 

Phosphorus burns in chlorine, forming phosphorous chloride, FC1„ 
and with an excess of chlorine, phosphoric chloride, PCl^. The 
oxychloride, FOCI:,, as the simplest chloranhf dride according to the 
type FX,, and also phosphoric chloride, correspond with orthophos- 
-phoric acid, PO(OH)„ while phosphorous chloride, FCIj, correspond! 
with phosphorous acid and the type PX]. Phosphoric oxychloride, 
FOCIj, is a colourless liquid, boiling at 110°. Phosphorus trichloride 
ii abo a colourless liquid, boiling at 76°," 'whilst phosphoric chloride 
DUBDar u the preceding bj Uking i HnuUet proporllun of iodins (S pull o( iodine to 
1 put ot pboiFhoriie, whilit the tri-iDditIs rnqDirSB lis); ililiolDnui red cryaUli, vhidi 
malt at 110°. When decompoied by >kler it not only giiea pbotpboroui uid hjdriodio 
•eida, bni tito ph«p(uae acid a jallow nbilaDoe fa Lover oiido of phoiphotua). In ita 
ttnspovtioa di-iodide ol pboeplufma oorrsvponda wilh liqoid phoKphoretted hjdn^n, 
PB^andprobahlTiUniolMniluinigbtiiaiiictibiehsi: P^orP,I..&c. Ai tfae iodiue 
ODVpoundt of pboBpbonjt give hydriodio ud phoepfaoroQi acida wilh water, and aa boUi 

>• nibetaaua an redueing agenla in Uie prneoce ot viter land hTdiale>J, iodide of 
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Ic the daunt; of phoapfaoroui i^hloride al 10° - Ism, and lh«*fan 
W7 - ato. and that at phot^dioiut oijclilorida ia eqnal to 
jlditioD of oijgea haa prodnoed coDBidorabla iDfireaee in 
lioD nt •nlphur dichloride, bCI,. into lulpharyl oUorfde, 
BOCli, ths TOlnnie change! rrom M to 71. II ii Ibe name with the boilingpointg; phoa- 
phfiruii ttiehlorida bodi at 70°, the oirchlorida at 100°, mlphni diohlohde at M°, Mid 
aaJphDrjl chloiide at 78°— that ia, Iba addition of oi^gon ni»> lbs boiling pointa. 

Tht BapDUT dtn»it^ at phoephoma trichlorida aod ox jcUoride irorTaipobda with thaif 
fonnals (Cahoan, Wllrtal— Dunel)'. ia equal to half the molecnlu weight referred lo 
hjdrogcD. But It ii not lo with phMphonia peDtuUande. Cahonra ehowed that tba 
Tapoor dunailj of pboipboma pentacblonda referred to air = aot, lohirdnigeD -M:t, 
wbilil ftooording to (he fonnnla PCI, it ibould be ' IIM'9. aenee thia formula corre- 
dea. ThiaahowalluLttheTapoDrotphaai 
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e. PCI,, 



in of phoflphoric 



LC, anlpbdria acid, &e. The prodnota of diamptio 
eblohde, POi. acd cblorioe, CI,, bodiea which eoailr re-torn 
at a lower leiapermtDro^ Thia deoompoaition of phoephor 
into *aponT i* oonflrmad hj the fact thai the Taponr of thit 
•bowa tba gteeniab-jalloir colour proper to chlorine. Thi> 

oUotfide baa been enaaidflred by aame chuniata aa a sign that phoaphorue. like nitrogen. 
dooa not gira volalila cotnpounda of the type PX^, eJid that auch atihatances are oolj 
«btaiiwd at uoatable moleeolai oompoand* nhioh' break op when dialilled ; tot eiample, 
PH^m, PClj,Cl„ NH,BC1, Ao, To pro™ thiit the molecule PClj aelnally eiista. 
WUrt* in ISTO obaerred thai when mined with the vapoBi of photpboroai ohlorida the 
vapour of phoapboho ddorida diatila over (from 100° to 100^) perfectly cojourleaa, and 
'eaaitj which ia roally our to thv tormata— namely. to 104— and (be aune deniitj 
an atmoaphore of e" ' " 






at iiiDdflrat« temperal 
impoiluil proof in taToor of the tjp« PX, ia 
doeiida PFt, ohtaiaed by Thorpe .a a ooiouilaas gaa 
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FBIKOIFLBS OF CHEJUSTBT 

is * solid yellowiah substance, whicli volatilises without melting at 
about 168». They are all heavier than water, and tana tjrpea at 
the chl&rankydruitt or cittorine compoutids of the noD-metallic element* 
whose hjrdrateet are acids, just as NaCI or BaClj are tjpes of halogen 
metallic salts. 

If a piece of phosphorus be dropped into a flask contoiniog chlorine, 
it bums when touched with a red-hot wire, and combines with tho 
chlorine, tf the phosphorus be in excess, liquid jiJtotphorut tri- 
dUoTvU, PCI,, is always formed, but if the chlorine be in excess the 
solid pentachloride is obtained. The trichloride is generally pro- 
pared in the following manner. Dry chlorine (pasEed through a series 
of Woulfe'a bottlea containing sulphuric acid) is led into a retort con- 
tsining sand and phosphorus. The retort is heated, the phosphorus 
melts, spreads through the sand, and gradually forms the tri- 
chloride, which distils over into a receiver, where it condenses. 
Fliosphoric chloride at phosphoru* petitachloride, PCI,, is prepared by 
passing dry chlorine into a vessel oontaining phosphorus triohlorids 
{purified by distillation). Fhosphorcus chloride combines directly with 
oxygen, but more rapidly with ozone or with the oxygen of potaasiBiD 
chlorate (3PClj + KCIO3 = 3POClj + KCI), forming phoephirrut oay- 
eMoridr, POCI3 (Brodie). This compound is also formed by the first 
action of water on phosphoric chloride ; for example, if two .vessels^ 
one containing phosphoric chloride and the other water, are ^ac«cl 
under a bell jar, after a certain time the crystals of .the chloride 
disappear and hydrochloric acid passes into the water. The aqoeotls 
vapour acts on the pentachloride, and the following reaction oooan ; 
PCI^ + H,0 = POCl] -h 2HC1, the result b^g that liquid phosphonu 

ttwUpM of UtDC; il maybe kept over nunmrr. mnd hu & normd doniitr. Il it lornwl 
whoQ liquid fUHebk tnttuoridfi, AaFi, I9 fedded U> phoiphoria chloride larrounded by % 
IrMiiiig miitors : 8PCL,t6ABF]^llPFi-f UiClj, 

In genenl, llDariae ud phMphonii givs lUbls compoands: FFi, POPhUid PF*. 
u iTDDld be eipactad bom Um tut IhM in puung Irom CI lo I (i.>. u Iha kUmia 
vroLglit ol tlia hALogBn incnsHi) Ihe fllBbilttjr ol ihfl cpinpotuidi with P and ths tead«iMqr 
togltaPXinioteMjaecRuei. PhaiplioTtuiTi-ftuOTidi it obitiaedhy hating ^aixivm 
Bt ZuF, ud PBc,, hj ths kUoo oI AiPj upon PCIg, bj betting [thoaphide of «opp«t 
ttith PbF^ &c. II !■• lUang-uisUinii gu, which liqaoflM (t —10° under t, fmtar* 
ol to ^moaphen*, giiing t oalootlna liquid. It (lil«aiTsii wuIt in (is KbMt^td th 
micti «ilh) ntei, u>d icU apon glui; when mixed with CI, it eomiiiniia wilh it 
(Toatenc, IBDl), fanning Pa,F,, <t colonrleu gu ol nonail deositf, wluch la liuu- 
fonoad into It liquid alS'',decinnt)(»«iDtoPF,-fCl| at lSO°,uid, with a aouU amouDt 
ol water, giveaiuij'^tuirnil,! ol phoaphonia.POF, (with a taiga unounl of vatotltgitM 
PII,Oi), which HDluan (1B91) obtamed by Iba actioo of dry EIF upoo P,Oj, and Thorp» 
and TnttOD (taSO) by beaUng • miilors td cryoliu uid PiO^ It ia t gaa o( noniul 
deiuiiy, like FF» and wa* oblained by Huiaian by the aotion al Bnoiioa upon PFa 
(PSFg, wc Chsplar XX.. Note W). Thua the (orma PZ( and PX4 ml oeIj aiW in mav 
•eUd (Bd iHm-voUtila ■ubrtueaa, but alio aa Taponn. 
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oxfcbloride is found in ooe veasel, and a. eolutioa of hydrochloric boid in 
the other. However, nn ezceu of water directly transforniB phosphoric 
chloride into orthophoaphoric acid. PCt, + 1H,0 = FH,0, + 6HC1,'^ 
«iDce P0C1, react* with water (3HiO), forcaiiig 3HCI and phoaphono 
ftoid PO(OH),. 

The above chlorine compounds serve not only as a t;pe of the 
ohioranhydridea, but also as a means for the preparation of other 
acid chlorimhydnde*. Thus the conversion of acids XHO into chlor- 
oohydrides, XCI, U generally accomplished by uecLna of photphoru* 
penUuhtoride. This fact was discovered by Chancel, and adopted by 
Oerhordt •• an important method tor studying organic acids. By this 
means organic acids, oontaining, as we know, RCOOU (where R is » 
hydrocarbon group, and where carboxyl may repeat itself several time* 
by replacing the hydrogen of hydrocarbon compoundE), are coDTert«d 
into their chloranhydrides, RCOCl. With water they again form tb» 
acid, and resemble the ohloranbydridee of mineral acids in their 
general properties. 

Since carbonic acid, CO(OH)], contains two bydroxyl groups, its 
perfect chloranhydride, COClf, earbotiic oxt/elUoride, carbtmyl eUorida 
or photgene gaa, contains two atoms of chlorine, and differs from 
the chloranhydrides of organic acids in that in them one atom of 
chlorine is replaced by the hydrocarbon radicle RCOCl, if E be a 
monatomic radicle giving a hydrocarbon RH. It is evident, on th» 
one hand, thst in RCOCl the hydrogen is replaced by the radicle 
COC1, which is al«o able to replace several atoms of hydrogen (for 
example, C,U,(COCI), correeponds with the bibasio succinic acid] ; 
and, on the other hand, that the reaotiooa of the chloranhydrides of 

"1 Phoftphoru* aiji^loridA tft Dbt4ined by Uia v;(ioD d phoiphoria chlonda on 
h/dnte* ot uidi (bwnH ■IlnJi* dsKunpoH photphorai oijEbloridgJ. uuordiug to Uio 
•qiutionPCU + BHO-POOf + BCl + HCl, vhen BHO ii u uiii. Tbs nuUiM caAi 
ptQCMdi fecoovdidg lo Uau eqiutioo wiUi moDobauo uido, bat th«n RCl la vulatile, uid 
ttwrflfOto a mixtnrB Uobi^iwd oF two Yotfttila anlntiuioAB, tho Bcid chloride and pbo^ 
phonu oirdiknds, >hieb u« wnuitiBm diOlDUlt la Hpu-Kta; wLiJit if tbn hjrdliU 
ba poljbauo thft nftcllDn froqaeDtly pn>ceedi to tlut ikQ wtbjdiido u formed : 
BU^4^PCIt-BOtPOC1|«9BCl. If Uu uhrdrid* bs noD-TaULils (!>■» bono), or 
euily dooompMod (like oiwtic), il ii «uy tu obUin pB» oijohlonda, Tbiu phoa- 
pbarui iHjchlDridft it oFien pnpcrad hy ■ctin^ on bono or oJUlio itcjd vilh pboApbodfr 
ohknida. 11 ii (Ik formed whm tbp npoui of phoaphoric chlotida ii piued over 
pboapborie ubfdrida, FiOgl iFCl, ^ 5P0Ct^ Tlus loim* w eioaUsDl iiunpls m pn»t 
ol tiM hct Uut tlw fonutioa of one lubaloniie Itoid tio dou not necxiurily tbun lb*l 
Uh twultul oompoood oontaiDi the molaculea o[ Ibete iDbaUneei in iti motsouls. Bat 
elbflT oTToblorid** ol [Jioapboroi ^fv ^>o fotmed bj tbe intenuLtioo of phoipborio uihj* 
dridE uid Dhlotide : tbut t\ 900° thn ohlotuihjdiuje, PO,Cl, or chionnbjdnde ol meto- 
pbc«|ihork] kcid, h tormod |Oiut*T»aQ). Tbe oblonAbjdhde of j^jrophoiphorio acd^ 
P,0,C1<, wu obuioed (H>jtet ud Hichulu), togetfaer vitb NOC1, £c, hj tbe ■otion 
of NO npoB cold PC1|,h k [aming liquid boilii^ at U0°. 
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orgtinio acidiwillanswoi'to the reucUons of carbonyl ctilorule,as there- 
nctioru of the acids themselves answer to those of carbonic acid. Carbcn/I 
chloride is obtained ilirectl; from dry carbon monoxide and chlorine ** ^ 
exposed to the action of light, and forms a colourless gas, which easily ' 
condensea into a liquid, boiling aH- 8°, specific gravity l'-13, and having 
the suSb<:iiting odour beluuging to all chloranhyd rides, Like all chlor- 
anhydrides, it is inimediati;1y deconiposed by water, forming carbonic 
anhydride, according to the equation COCl, + HjO = COi + 2HC1, 
and tlios expresses the type proper to all chlornnhydride? of both 
mineral and organic acids.'" 

la order to show the general method for the preparation of acid 
cliloranhyd rides, we will take that of acetic aoid, CHj'COOH, as an ex- 
ample. Phosphorus peutachloride is placed iu a glass retort, and ac«tic 
acid poured over it ; hydroehloiic acid is then evolved, and the sob- 
stance distilling over directly after is a. veiy volatile liquid, boiling at SO'', 
and having all the properties of the chloranhyd rides. With vattr it 



" Tha direct t 



;>, or el nugneilam light, i> necoiUrT *■> ■<< 
cUorine, bnl vhsn One* >tkrt«d it '111 p 
■ o( ctiloriae (xhtch giv« i 



npidly in dilTuul lighl. An 
Go1oQTi?fta phofLgcao) aidn Iha eg 
by metttlio tnliniDnj, 'ParoB) tubalancee, like ctatrcoul, iiid tha reuttlan. Phofm* 
mty be prepire<l bj pu^ng ■ miitoH of subonio uihydrida «nd chlariiM otm Ineaa- 
doKSnl chuooal. Latd of tS'ei cUotidg, KhcD heated in ■ coirent of carbanio mUa, 
alto partially form pboigena gu. Cacban Utrachlorida, CCli, alw forma it vhrn haatoi 
with carbonic anb jdride f at 4D0°).vlth phatphorio anhydride (fMO"}, and moataaail/Qf all 
with aalphuTie anhrdcidg (aSOj * CCU « COCl, -f S^,0iC1„ this ia pTrotDlphnryl cblorida). 
ChlorDlorra, CHClj, ii converted ialo carbonyl cfalorida when healed vilh SO,(0H)a 
(the flrat cblonnbydrids of aulpbutii: u:id)i CUCls + SO^O^COCli + SOi + lHCI 
(Dewai), and when oiidiied by chromic acid. 

Among lbs roaottoni of pbo>dcno ws may mmtion (he foTmatltm at meb vitk 
uamonln, and ol carboolo onide when healsd vilh oiftala. 

" V/a BIS already acquainted with aome of the cliloranUydridu uf the inorgaBio 
■oida— lor initanco, BClj. ud SiCli— and bsrs we iLall dMcribo tboaa which eanwpoad 
with anlphDiic acid in Uio following chapter. It may be incDtioned here thai whan hT^m- 
oUorlo aota on nitric acid (aqoa regi&, Vol. L p. (ST) there >■ furmed, beiidea cUoiiii^ 
tho aiycbloridei NOCl and NO,Cl, which may ie rgKardea aa chloranhydridM U nlUa 
and nitrous Mida (nitrDgen chloride, ToL I. p. 47S). The lonner boiliat -8°,thalaW» 
•t +fi°, the epeciSc gnvvlty ol tbs first at -1S°- MID, and at - 1S° - fUS (OmllMrh 
•od of the second -I'S; the first is obtained Irani nitric oiide and chlorine thaaaocind 
fnm nitrio peroiide and chlorine, and als« by Iho acUoa of phosphoric chlorida db nilria 
add. If the gaaea aiolved by aqoa regia b« puiod into cold and slroiig lalpliDnc aaiil, 
Ihey lorm ccyalala of the composition NHSO, (like chamber cryiUli). which mslt M «■•, 
uid with sodiam chloHde form acid sodium lolphaU and the oiychloride N(Xn. IU* 
Hjhloranhydride of nitric acid ia lenned nitratfft chloride, 

CyaRa^nchloruIc.CNCI, la thegaMDosoUoranhydridaol eyanisacid; itisbnaid 
tiy the action ol chlorina on aqneoni metcory cyanide. Rg(CH), t SCU- BgCls+KHCL 
When chlorine acta on cyanic acid, it lorms not only Uu* cysDogen chlonda. bat alao polj< 
tocridos of it— a liqaid, boiliog at IB", and a solid, boiling at IM°. The latter ooiw- 
apondiwilhcyanaric acid, and consequently CODlaini C]N,C1,. Dslsils concerning thes* 
sabitaocci mmt be tookad tor hi works on organic cbsmistry. 
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formi hydrochloric uid acetic acids. The reaction hsre taking pUcs 
ma; be expliuned thos : the Bubstitutloa of the oxygon taken from the 
acetic acid (from its carboxyl) by two atoms of chlorine from tha 
PCU ahoold bo aa follows ; CHjC0OH + PCli=CH,C0HCl, + POCt,. 
But the compound CH, COHCIg does aot exist in a free state {because 
it would indicate the possibility of the forniutioo of compounds of 
the type CX«, and carbon'only gives those of the typo CX,) ; it 
therefore splits ap into HCl and the chtoranhydride CHj'COCI. The 
general acheme for the reaction of phosphorus pnntacbloride with 
bydntea ROH U exactly the aarne as with water ; namely, ROH with 
PCIj pve* FOCI, + HCl + ECI— that U a chloranhydride."""* 

Containing, as they do, chlorine, which easily reacts with hydrogen, 
phosphoma pentAchloride, trichloride, and oiychloride enter into 
reaction with ammonia, and give a series of amide and nitrile coro- 

hjdFoiidci. i( chsj do not ruct od bTdnxhlono *aid uid pbngpbonii oijcliloiide, width 
U Uw cue whoa thar huvs tlkiUna pioptRia^ When Uu bjdnniidc ii bibulo uid 
U imnant in eloen, il doB unfreqaenilf luppmt tb*l the alemcnU ol vkUr u* MJoaa 
up: R[OH), -*- PCI, ^ RO 1- SHCl 4- POCI^ The ■Dh;diida RO iut than b« oia- 
Tarlsd iota ch^onnbTdride. BO + PCli-RCIi + POCls— tlul ■•, pho^bornn p«ifa- 
chlohde bring! kbonl Uia aobiliUitiuD ol O by Clg. Tbns ouboajl chloride, C0C1„ bono 
chlorida, aBCIj. uid luiieiiiic chlntid*, CiUjOiClg, &B., tit reipectiiEl]' obliiDsd bj Iha 
ution d( phoaphnric chloride on arbonio. botia, uid ■nuciiue uihjdndea. Pbotf^nu 
pBiUchlorido nuti in ■ limilu mumst on the kldabrdM. RCUO, lorming RCHCti, 
mod on the cbtoranhjdridiii UwnualvsB^fDr aiunpln. with uetio chloride, CHgCOCl 
(when bnted in ■claied tabe), it bimu ■ gabatuw bftTJng the oompoBiIioa CUjCCli, 

Phoaphonia trichloride uidoiyehiDride brt iji a umilar muiQBT to phoaph,jric ahloride. 
Wben phoephorDi trichloride uU on kq idd, BRUO + PCIi=3RCIi F(HO)i, If ■ hII 
U Ukea, tban b; the ulion of pbiwphaTiii airchlorida i, oorreapcindiiig chlDnnhydtida 
■udullof oithophoephohc «M are aoaily forniei: SRtRO)-fPOCli-aRCI + PO(KO)r 
The flhlormhydrido RCt ■■ atwhja more Toletile then ite oorreipoiHlJEig uud. aud diillta 
mr befon Die hrdnM RHO. Thiu uetie eoid boil* M 117°, and ill chlarubydrida 
M W. Phoaphorle ud phoi^haraai uidi ue very ilightlf voUtile, whilet their 
ddoraahfdridaa wrt oompwiLtiTalT eauil? oonT«ried into vapoor. The facallT of (ha 
vhlonLohjdridea to react at the eipanae of their own chlorine determine! their great 
inporteuoe in ebidnifltrr. For initaaoa, inppoae we raqnire to know the molecular 
fonqqla of aoma hydrate which dnea net pasa into a !lat« of Taponr and docfl not give & 
ehlonwhjdrida wiUi brdiaohlorlc acid— that ia, wbioh hu not an; buic or ^lulioe 
pcop art iea; w« mnal Uun andeavonr lo obtain thi! chloraohjdrida b; meuu of 
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pounds of phosphorus. Thus, tor example, when ammonia acta on the 
oxycbloride we obtain sal-ararooniac (which is afterwards removed by 
water) and an orthophoapboric triatoide, PO(NHj)i, aa a white in- 
EOiuble powder on which dilute acids and alkalis do not act, but which, 
when fused wiih potnssium hydroxide, gives potassium phosphate and 
, like other amides. When ignited, the triamido liberates 
"ftmmonia and forms the nitrile PON, just as urea, CO(NH,)^ 
gives off ammonia and forms the nitrile CONH. This nitrile, called 
ru>p/iogp!iamide, PON, naturally corresponds with metapbosphoiric 
acid, namely, with its ammonium salt. NH,POj-H,0=PO,-NHfc 
an as yet unknown amide, and PO,-NH] — H,0 gives the nitrile PON. 
This relation is confirmed fay the fact that POK. moistened with water, 
gives meta phosphoric acid when ignited. It is the analogue of nitrons 
oxide, NON It ia a very stable compound, more so than the pri- 
ced ipg." 

*> The mctlon at unnonk on phoaphonu pantichlorida it more compla Uud Um 
prHsdiug. Ttiii iiniidilT nndentood: to <Jid oiychlorids, POC1,. Ilitn eamapands b 
liydiAte PO<0H)„iindaull PO(NU.OIb iu>d GonKquonUf >1.o an uiude FO(NB,l> 
Thilit IhepenlKhJoride, PCIvlui no corretpondiag hydrate F(OH)i.iuidlhgnton then 
it no amido PI KH,)^ Thu nurlian wJth uimioaw vUl be oF two kindi ' either isetetd el 
S mol. «Hj, onli S sol. NHj or gtill lou vill ut ; it. PCl,(NU,)i, PCl^H,)^ Ac uw 
tormed ; oi elie the peDUchloride will ut lika ■ miiturg of clilDrios with the tnchloridi^ 
ud then u the leiult there will be obtainsd the producta at the ution o[ chlorine on thae* 
eVnJdei which uv formed from phoepharui Irichlorida uid ammoQie. It^rould eppeer 
thAt both kiadi ot reaction proceed unrnlloDeDUBty, bat both kinda of prodoete b« vu* 
etdhle. tX all eventa compleic. end in the rcBolt thero ii obteLoed ■ mijLtDje ooDteining 
fol'UamDoiao, ^0. Tho prodncti of the tint kind should react with water, end we dundd 
obtain, for exuople, PCI,(NH,),+SH/> -3Ua and PO;HO||NHi)t. ThiianbMuce he* 
not iictaiill; been obtained, but the componnd PONH(NHi)denvi!dfroDiitbx(l>miaatioB 
of His elenientt of water i> known, and ia termed difkinphamile ; it ia, bowaier, more 
probable that it i> a nitrile tbiin an amide, boonie onlj amidea mntain the p'oop NB|. 
It ie a coloDrli^se, stable, insoluble powder, which poatbl; oorresponda wrib pyropho* 
phorlc acid, more especially Hinee wbsn heated it evolies ammonia and g]>ea and IcavM 
phoaphoryl nitride, PON— that is, the nitrile of nielaphoithoric acid. The amide ooir*- 
eponding with the pyrophosphate P,0,(NHtO), ahoold bo P,Oj(NH,)i. and the nitrilM 
corresponding to the latter wonld be F|0iN|NH,1], P,0N,|NH3)e and P,N](ttB,). Tin 
eompos^tion of the Arat ia the aamu aa that of tho above diphoiphautda- The third 
pymphoiphoria nitrile haa a formula PgNgH], and this i* the oompoailioD of llu bodf 
knoirn ttfiaip^aiH, PHN, (in a certain aenae this is the analogue of N^ poIjoeiiM^ 
Chapter VLJ Indeed, phospham has beon obtained by heating the products ol the aetioa 
of ammonia on phoaphorio chloride, as an laaoluble and alkaline powder, sihich Ci>W 
ammonia and phoaphoris acid wbsn lubjeoted to the action of water. The same nb- 
staucB la oblaini^ by the aotioa ol ammoniom ehloridg on phoephorlc chloride (PNCl, ia 
Artt formed, and roacti tortber with ammonia, fonoing phoepham). and by ignitinc Hi* 
maai which ia tonnod by the action of ammonia on pboepbonja trichloride- Fotvierl J tlie 
«am|<oaitiiui of phospham waa anppoasd to be PHNt, now there ii reoaon In think Hut Its 
molecular Height l> PiHjN^ 

The above oompouoda correspond with normal salts, hut lutriles and anidea ten*- 
■pending to acid aalta are also possible, and Ihoy will be acida fui ■lamplo. (be anM* 
FO(HO)^H,). and llaullrile, will be either FNiaOlt or PtXBOXNH), but M eD 
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Tbe mo«t important anaJogue of phaspborus ii araenie, the metatllio 
upect of which and the general cbbr»ct«r of its compounds of thetjpea 
AsX] and AaXg at once recall the metals. The hydraW of its highest 
otMb, »nenic acid (ortho-arseaic acid), H]AsO„ is an oxidising agent, 
and gives up a portion of its oxygen to many otber substance* ; but, 
iioverlbeless, it is very like phosphoric acid. Mitacherlicb established 
the conception ol isomorphism by comparing the Bslts of these acids." 

e'rala ol the ciimpoiitiou PNH,Oi, nod hiving teii propertieH. The imnianiDin ull of 
lb<> fho^hoinlntie add |it ii oillvd phoiiphugia uid), PNR(NH,)0» ii obuinoil b; 
UuultOB ol uuDaniii on phaq>hoiH: uliTdiide, P,Ot .* iKH, ° H^^ 1 9PNH(NH,)Ot. 
A tioB-crjtlMlima •olabla mtn ■• thoi tonnod, which im diuoWsd in > dilol* lolutiaD ol 
(umaoBiA uid pncLpil&tod with buiuin chtoridi-, uid the rceultuit barium ■kJI ia IhAa 
decoRipoved with lulphoric acid, vid thu * Balatjm of tb« Kid of bh4 4bavecompoftitioa 

It i> Kvidiml bom th* theory ot the tomialiDa ol unidsa ud oithlei ICb*.pttr IX.J 
that very mn-DT eompoujida of thit kind ciui cDireHpand with the acidB of pboBphonal 
hot u yet only • le» uv knowii. Tha owy trim»ilion« of Uie orOio-, nuilii-, uid pjio- 
pltaapfaoric acide, by ineun of the hydrogen of unmoniA. iiito the Idwot Kidi, &ad avi.- 
venaly, %*aA to efnapJiCAhr the tludy .of thievery Urge cUaa of compounds, end it ii rwly 
thit the uton ol ■ prodoEl that obtniiiad cmi be judged liom it> coitipaiiliDn ; ud Uli> 
ill Ilia DWre that ipilwioaB ol iHiineriini and polymehun, of miilim belOHa water ot 
ctjalalliHtioo and ol conditgtion. lie., an here poawble. Hany data are yetnaeded 
to eoabie ni la lornt a true jodgnient u (o the DompoaitioD and atnutDre of aooh 
compouadr Ab the beat proof ol thii we will deHribe the very intcreBtibg ud boel 
Inlly iDTsiligited oompomid ol this c1u«, PNC1,. GaUed chlorophaiphamide, or nitrogen 
tUocophoipbarila. U II lormed ia unall qoaotiliea whan the vapoor n1 plioi|Aorid 
cUotids ii paeead orer isnilad eal-anunouiao. Bcbud (1893) beal«d the oompoond 
PCIjBNB] (which ia eaaily aod directly formed Iroin PCI, and NHj) nnder a preMoni ol 
about M) mm. (of iHMryl b> 900°. and nbtaincd brilliant a^alala ol PNC1,, whish mdtad 
at ]M° (in the raiidBe aNer the didaiation ol fal-annooniacal phoiphaia]. Tha eUorina 
ia il ■• vary iilahta— ^aila dillflrent from that in phoaphona chlorid*. Indeed, the r» 
■ullaot iDbatas« it not only inaolDble in wtler (Ihoagh lolabte in alootaol aod ether), bat 
a ia not am moiateDod by it. and diitili over, tngetherwitb iteain. wiLhoat being dactBB- 
poaed. In alme ilalaLCeaBiljcTyat4JliseAinCDloiiriaaapriama,fqaeeat lU^tboileatWO" 
IQIadatooe, Wiofaelhasi), and when fumd with potaah give! polHBiun uhloride and tha 
amldDnllrile of photphorio acid. Judging from it^ formola and the tioiplicity of ite com- 
poaition and rvaotiona. it might ba Ihonght that the moiecular weigh! of thia aubatanc^ 
iroold be eaprwaed by lh< lonnDLa PC1,N. that it Dorreqiaiida irilh PON and sith PCI, 
(Ilka POai). with the nbstilation of Clj by N, jdbI a> in POCt, Iwo atunia nt cUoriua 
■re reph^edby atyipAj but alt theaa aurmiaei ara iocorraci. becauee ita vapour danaitj 
(referred to hydrt^en — Otaditooe. Wichclharul -IBS — that ia, the Bnlecolai- lonnnl* 
HDBl b* Uua* tijBM pvaMr, PtN,(h,. The polymeriialion (tri|jing) ia ban of euetly 
tha aami kind ae iriUi Iba nithlaa. 

* It i* nittmrr to ranark Out, although ancais ia lo clmalr aaalogoai Id ptioa- 

phona (eipeciaUy b the higher formi ol combination. R£| and BX,), ai Uh aUM tia* 

nhibita a sHlain reaamhlance and evso isanuir]Aiaa wilb tba eoRaapoadinc bub- 

tanda of BUlphor (eapouially Ihe melallif^ compoDnda of Ilia type HAa, aorraapoikdinf 

ilh US), Thna nHnpoandB containing metali, anenio, and talpfanr an rary fr^ioaDtly 

Sometime- Ibe relalive amounla ol araauie aud aalphor varj, aa 

■obalilalion between the ajaanidaa and aalphidea maal ba raoof- 

siMd. Baaidaa FaS, (ordinaiy pynlaal, and FeAi,, iron formi an anenical Fyrilea ooa- 

taiaiag bolti tolpbni and anonie. arhish ftom ila eonpoaitian, PaAaS oi Pe3|FBA*k 
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Anenic ocean in nahtrej not only ootmbined with metals, Ixit mistv 

althoa^ raurelv, xiatiTe and also in combination with sulphur in two 
minerals — one red, realgar, AsjS^ *nd the other yellow, orpifneni^ 
AsmS, (Chapter XX^ Note '29y Arsenic occurs, but more rarely, in 
the fbnn of salts of arsenic acid — for instance, the so-called cobalt and 
nickel blooms« two minerals which are foond acccnnpanying other cobalt 
ores.» are tlie ar^nates of these metals. Arsenic is also found in cer- 
tain clavs i ochres) and has been discovered in small quantities in some 
mineral springs.* bat it is in general of rarer occurrence in nature than 
phosphorus. Arsenic is most frequently extracted from arsenical 
pyrites, FeSAs« which, when roasted without access of air, evolves the 
vapour of arsenic* ferrous sulphide being left behind. It is also obtained 
bv heat ins: arseoious anhydride with charcoal, in which case carbonic 
oxide is evolved. In general, the oxides and other compounds are very 
easily reduced. Solid ar<t'nie is a steel-grey brittle metat^ having a 
bright lustre and scaly structure. Its specific gravity is 5*7. It is 
opaque and infusible, but volatilises as a yellow vapour which on cooling 
deposits rhombohoviral crystals.** ^^ The vapour density of arsenic is 
l^0 times greater than that of hydrogen — that is, its molecule, like that 
of phosphorus, contains 4 atoms, AS4. When heated in the air, arsenic 
easily oxidises into white arsenious anhydride, AS2O3, but even at the 
oniinary temperature it loses its lustre (becomes dull), owing to the 
formation of a coating of a lower oxide. The latter appears to be as 
volatile as arsenious anhydride, and it is probable that it is owing to 
the presence of this compound that the vapours of arsenious compounds, 
when heated with charcoal ^^for example, in the reducing flame of a blow- 
pipe), have the characteristic smell of garlic, because the vapour of 
arsenic itself has not this odour. 

Arsicnic easily combines with bromine and chlorine ; '* nitric acid 

'* ^^ Accv>rding to IWt^rs (189S) tho iu*9enic mirror (see further on) U an nnttable 
r«hety of meUUio ArM>utc> whilst the brown product which is formed together with it In 
M*r^'H Ap(>Ar*tu» is a lower hydride AsH. Schxiller and McLeod (1894), however, recog- 
nise * ixvulijLT yollow variety of arsenic. 

^^ Uyv\roohloric aoid dis3$oh'es arsenious anhydride in considerable quantities, and 
this IS prv>WWy owiug to the formation of uui^table compoimds in which the arsenious 
anhydndo lUays the pari of a base. A compound called anenious oxychloride^ having 
the composition AsOCl, i* even known. It is formed when arsenious anhydride is added 
Uttle by littlo to IxMling arsenic trichloride, As...Oj + .\sClj = SAsOCl. It is a transparent 
substance, which (unu»s lu air, and combines with water to form a crystalline moss having 
the composition A*j(0H)4CU. Wlion hoAttMl it decomposes into arsenious chloride and 
a fresh oxychloride of a more c^miplcx coniiv»sition, As^O^Cl,. Arsenic trichloride, when 
treated witli a miiaU quantity of water, forma the crystalline compound, AR^2(II0)|Cla, 
mentioned above. Those compounds resemble the basic salts of bismuth and alu- 
minium. Tl»o existence of these compounds shows tlmt arsenic is of a more metallio 
or basic character than phosphoma. Novorthelesa anenic iricJUoride, AsCl», retomblea 



lie propertiei ol iht oijda. 

i*FinK«ip.gi,oIa»0. It 
' impeifMtlT dsocan- 

uititjr ol wktec i« tequind 
It ftDhTdrJdc. It fenDV 
ta ^ufl ehlor*flbydn~d» 



PaOSPHOBUa AND THE OTHER ELEMENTS OF GHOUP V 181 

and aqutt regia also oxidise it inM the higher oxide, or rather ita hjdnt«. 
Arsenic acid." As fnr as is known, it does not decompose stoun, and 

phniphoni) iricEilQridD in muij ceiipecls. It ia obluned by Ih 
OD uvoiic, or bj diBtiliing k mLiturD of cammotk uit, anlphtmt 
drida. The lUttt nods of pHpuitfnn slreidy indic&tea tbo bi 
AiKODiona chloiideii » oolonrlau oily liquid, boiling &t 100°, utd 
flUDea in ur like otbar chloTuhjdridva, but it in miacb mere iloi 
poaad by watei tbui pboapbonu trichloride. A ooceiderable ^dk 
loT iu complete deeompotiUoD into hydroohlorit acid And u 

of thfl AcidL It budly COBibin«s vith chlorine, ij- it AeClj u mrnwct it la vtty luatUilah 
AftffHic ifibr^mide, AlBiq, ia (ora ^ u a ofyBtftUine lubatuiDa, Foaiog &t W Hjd boil- 
ing ftt U0°, bj the direct aatioii ol niatiUic uaeDic oo a ■olation of btomina in carbon 
Uiial|ihlda, the Ultci being then eiapontcd. The apeciSc gnrity of uwnic tribramlda 
i* 8'M. CtjaUJlio* uunic tii-iodide, Ailj, faftiing • ip, gr. l'BI>, nuy be obtAloed in » 
Ukammnner; It may be diatolf ed in water, ajtd on evaponktion separatee ont from the 
BolDtioD ID an anhydrona vtat^ — that ia, it ia oob deoompoaed — and conaaqnently 1»havea 
like Difliallie aaJta. Artenic Irijtuoridf^ AaP^ ia obtained by heating floor apar and 
srwniollB anhydride with aulphnriu acid. It ia a Inming, oolonzleaa, and Terj poiaoDona 
liijOid, vhich boila at M° and baa a ap, gr. of 1-7S. It is dHmmpaaed by okter. It ia vary 
ranuriiable that fliierina lorai a pentadODride ol arsenic also, althODgh tUa compound 
haa not yet been obtained in a aeparato atato, but only in oombinatioi with p 
fluoride. Thia compound. K^AaF^, ia fonned aa priunatio ozyatali when p 
■nsnata, KtAaOi, ia diaaolTod in bydroSuoric acid, 

** Armic acid, BjAiOt, coctoaponding witb orthophoaphoric add, la loimad by 
«*^i*ing ■neniooa anhydride with nitric acid, and. evaporating tha reanltaut aolution 
DBIil it altaiok a ep. gr. ol 23 ; on oooling it aeparalai in ciyaCala having the nbova 
oompoaition. Thia hydimte oorraaponda with the norma] aalta of ai^enic ttcid; bat on 
diia^ving in water (without heating), and on coaling a atrong tolution, eryatala containing 
a greater aioomil of water, namely, [Jiia/i,)^R,0, aeparate. Thia water, like wntar ot 
vyitalliaation, ia very «uijy npelled at 100°. At 130° ctystala having a compoaiticin 
identical with that of pyropboEpboric acid, Aii2Hf07, aeparate, bat water, on diaiolving 
thia hydrate with the developmont of heat, lonna a aolntion in no aray differing (rora a 
•olDtion of ordinary araenio acid, eo that it ia not an independent pyroarienic acid that 
la fonned, Neither ia thare any true analogue of metapboapboric acid, although the 
oompoDnd AiHO,i>lDiniedat«)0<',andDneo]idilying lonni a mua haimg a pearly 
Inilr* and aparingly aoluble in cold m ' ^ ' 
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fortna three aoriea of aalta, which are perfectly analogoua to the three » 
[ihoephatea, ThOB the normal lall, KjAEOt, ii lormed by Inaing the o 
^anonataa with potaaaioin carbonate ; it ia lolnble in water and cryatalli 
which do not contain water. Xh.potAaaiuni 

^t cryataUiae, and baa a! 
perfectly with the aodiam pboipbate. Ai waa mentioned above, araenio acid itaell 
acta aa an oiidiaing agent ; for eiample. it ia naed in the manotactare ot aniline dyea 
lor oiiditing the aniline, and it ia prepaisd in large qoanlitiea (or thia puipoae. 
When anlphoretted hydrogen ia paaaed thcough ita aolaCion, ButpbuTio acid and 
anenioua anbydride are obtained Ln aoluiioo- Araenic acid ia very eaaily aotuble [d 
wat4r, and ita aolution baa an eicaedingly acid reaction, and when boiled with hydro- 
ehlorie acid enilvea chlo^e, like aolenic, Dhromic, mungontc, and certain other higher 
.flMtallie aada. 

Aa^A, ia prodnced when araenic acid ia heated to redneaa. Ik 
id, M at a bright red heat it daeompoaaa into oiygen and anaoiow 



^ ftots exceedingly slowly on tba«e odAs, tike hydrochloric, which are | 
not capahle of oxidising. 

Arwniurelted hydroijen, arsine, AsH„ resembles phoaphuietled 
hydrogen in many respects. This oolourlees gns, which liquefies mta ft 
mobile liquid at — 40°, has a disagreeable gorlic-Uke odour, is only 
■Kgfatly soluble in nater, and is exceedingly poisonous. Even in a 
-imall quantity it causes great sufTering, and if present to any consider- 
able amount in air it even causes death. The other compounds of arMnio 
Are also poisonous, with the exception of the insoluble sulphur compound 
and Home compounds of arsenic add. Arseniuretted hydrogen, AsHj, 
is obtained by tlie action of water on the alloy of arsenic and Kodium, 
sodium hydnixido and arseniuretted hydrogen being formed. It ia 
nlso fonned by the action of sulphuric acid on the alloy of srsenic and 
rino ■ ZnjAsa ^ 3HJSO^ = 2A6HJ + 3ZnSO.." The oxygen oompounda 
of arsenic are very easily reduced by the action of hydrogen at tho 
moment of its evolution from acids, and the reduced ai^enic then 
combines with the hydrogen ; hence, if a certain amount of an oxygon 
compound of araenic be put into aQ apparatus containing zinc and 
sulphuric acid (und thus serving for the evolution of hydrogen), tho 
hydrogen evolved will contain arueniuretted hydrogen. In this caae it 
is diluted with a considerable amount of hydrogen. But its presence 
in the most minute quantities may be easily recognised from the fact 
that it is eagily decompomd by heat (200° according to Brunn) into 
metallic arsenic and hydrogen, and therefore if ^luch impure hydrogen 
be passed through a moderately- heated tube metallic arsenic will bs 
deposited as a bright layer on the part of the tube which was he&t«d 
(ms Note 30 bis). This reaction is so sensitive that it enables (he 
most, minute traces of arsenic to be discovered ; hence it is employed 
in medical jurisprudence, as a test in poisoning cases, It ia eaay to 
discover the presence of arsenic in common zinc, copper, sulphuric itnd 
hydrochloric acids, 4c. by this method. It is obvious that in testing 
for poison by Marsh's apparatus it is necessary to take zinc and ml- 
phuric acid qnit« free from arsenic. The artenic deposited in thetutw 
may be driven as a volatile metal from one place to another in thA 
current of hydrogen evolved, owing to ita volatility. This forms ft 
distinction between arseniuretted and on timoniil retted hydrogen, which 

Snhydnds. ArBeofc uihjrdride it oa utwrphonB mbatance Alojofit eatirelj iiuolnlile bi 
wilier, bat it ittiacl* niDiatore from Ui« air, deliqodicei, and pgiiaes into th» add. Bet 
Wkt« prfiducfli thia lruivfomifl,tlon vilh great eaw. 

u The formation of useiiioretted hydrogen iaftecompanied hy 
keat uniti, while phosphiueavolvea 16,000 (Ogiec),uidaiiimaiiialT,00a. Badll 
■inalgam, irith a Btnng wlntioD of AijOj, giTei a gH ooDtaining 8S vcda. <A 
14 TSl>, or hjd»g«D {CaTun), 
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5s decomposed by heat in just the same wny as areeniuretted hydrogen, 
but the mirror given by Sb is not so volatile as that termed by Aa 
If hydri^eii contains arseniuretted hydrogen, It also gives metallic 
wbeu it burns, because in the reducing flame of hydrogen the 




-. _.. . B, bneaiRiIiid tnoi Iba Anoilelaa <t( ■ Blrmr sCkwdId 

H*«siidii«liMr nbo ii bHisl. ltUi*iKsitiiilv«ninoliaU|bt^*iidi»i«lklndli 
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oxygen attmeted combines entirely with the hydrogen and not with 
the arsenic, so that if a cold object, snch as a piece of china, be held in 
the hydrogen Oame the arseuic « ill be deposited upon it as a metallic 
spoL** 

The moat common compound of areeoic is the solid and volatile 

" Tlia (pel, cii Ihe nieUUli ring which i> dapcnitad on the bekted tube, nu; euily bs 
t«lcd u lo uliitthsT it ii rMll} iae U) itnenio a pnneda trma w>mB other iDbblaaoe 
ndocAd ia Lh0hjdTD|[en flitma — for EDat4Ji«, ctLrbon or aatimou^- Tba nBOBSaitylordiB- 
tingnUhlDE HiHiiig from utimoaT is ill thn more treqneDtly encoonMad in mediCHi 
jnriiprudEiiH, from the fut tbAt prepftTHtiobg of uiiimony &m very fraquutlj DWfd mt 
uodJdiw, uxd uiLuflObir bahavea in tho b;droirea (ipparatoj juat like uMoic, end t^aro- 
ton in maVing to iaTcfttigkCion for poiaotilijg by uoenic it is CAty to mubLkv it for 
kDtiiBonj. The belt method to diiliagaiah lirtirMD the nulallis ipoU of uianio ud 
uitimotiy IB to tut theok with b tatutioa of Kodium hypochlcrito, free from cUoriiie, be- 
caiue thifl will diaiotre nneoic uid pot uitimooy. Such fe ulutiojn U eAuly obtuned by 
Uie double deooiapcieition of aolotioDS of udiiun carboiute u^d bbaching poirdar. A 
eolation of poteuiam ohlonto ictm in tho <eme [n&aoar, ODly more iLowty, Fnrtber 
peiticnlATB muAt be looked for in ^naijUal worlu- 

Anvaiuretted hydrogen, liltephohphDrettedhydrDgen^u only ^tightlyioluble is wetor, 
liae DO tJkeii iw properliet — Uut ia, it doee not rambine Tilh ncidH~'«nd acta es a 
redasing ngunt. Whan paaaad into a aolDtlDD of silvor oiUmM it giTei > bUofciah brown 
prmipitate of mfltaUie ailTer, lbs ananio baing oiuliKd. If acUng on copper aolphata 
and similAf sAlts, ataaaiuretbed hydrogen aometimea forme eraDnidea-^'-ff. it reducoa tb« 
metallic Belt with ile hydrogen, and it ilwlf redoced to utcoic. Bolphnric, uid aran 
bydrDcUodc, acid redocei araatjianlled hydrogeu to arHnic, end it is itill more eaaily 
deoompeaed by aieenioua chloiids, and with phoaphoroua cblorido i% givaa the eomponnd 
PAa. AiHBuoielted hydrogen giiae melnllif uaaniii with an uid (olatiim of aneniona 
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ors^-nunu anki/dridr, AbjOj, vbicb cotrespoDds with phosphorous and 
nitrous anhydrides. This very poisonous, colourlCEs, aod sweet-taating 
■abatonce ii generally known under the Dame of arteoic, or mkite 
aracnie. The corresponding bydraM'ia as yet_ualtDown ; its Bolotion^ 
when evaporated, yield crystals of arseniouB anhydride. It is chiefly 
prepared for the dyer, and is also used as a rermin killer, and sonietiinea 
in medicine ; it is a product from which all other compounds of arsenic 
can be prepared. It is obtained as a by-product in roasting cobalt 
and other ores containing arsenic. Arsenical pyrites ore BOmetimn 
purposely roasted for tie extraction of arsenious anhydride. When 
atsenical ores are burnt in the air, the sulphur and arsenic ar« converted 
into tlie oxides Ak,Oj and SO,. The former is a solid at the ordinary 
temperature, and tbe latt«r gaseous, and therefore the arsenious imby- 
dride is deposited as a sublimate in the cooler portion of the flues 
through which the vapours escape from the furnace. It collects ia 
condenaing chambers especially constructed in the flues. The ilepodt 
is collected, and after being distilled gives arsenious anhydride in tfa« 
form of a vitreous non-crystalline mass. This is one of the varietie* of 
araeniouB anhydride, which is also known in two crystalline forma. 
When sublimed — i,r. when it rapidly passes from the state of vapour 
to the Bolid state — it appears in the regular system in the form of oct*- 
hedra.^^ It is obtained in tbe same form when it is crystallised trom 
acid solutions. The specilic gravity of tbe crystals is 3'T. The other 
crystalline form (in prisuis) belongs to the rhombohedrol system, and ia 
also formed by sublimation when the cryslals are deposited on a heated 
surface, or when it is crystallised from alkaline solutions.'' 
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■ liBtarRiinitiim, Uie vi^poaidenutj of uunioat aBhjdrid* 
n ta Uie molKolBT lonnula Atfi^ Frobiib!]< Ihia is coB- 
DlKole of (ru UKsie oonUine A^. V. Mejer ud BiltS, 
. tBtopontarcot •boat 1,700° IhenpauiitenuljrDt uwoie 
with (ha molecdlfl A^ uid not A14, u kt Icfwbt iampErvtunft. 
" AnenibUf uibfdriile i< oblvnid in u UDorjihaiu lonii Ulsr prolongtd hcsUag si 
■ lempimtDn nnrto lbi,l kt which it volttiliui, or, better atill. h j huting il 
wHel, It Ihm luHi to k ootoQrlesB liquid, »hich on coaling lonaa ■ tn 
niUH, wbcwa BpfciGc gravity ia aa\j alight]; leaa Ihui that ol tlM crja 
Op cooling, this vitreona nma Qnddrgoea aji iaUmal chugv, in wh 
ud bocomcs opiuinF, uid acqulrcw the apptarancii of porcdsin. Tb« fo 
batwsen th<i Titreonaud apaqne vuiatin l> vny rcmarkabla : when the viU«B> ncMy 
la diaaoKed in atrong and hot hjdrochlotic add it givei ciyaUli ol (he uihTdrida oa 
oooliDg. And thiacryalajliution ia acd^npanied by the amiaioH of light (which iavislbls 
in ths d*rli). and theentire liquid glowaa* Iha otjili' ~ 

taJ-ict; doea nut emit light when the cryitala laparal* frnib Ita hjdrochlori 
II ia alio remarkubte thai the vitnoua variety pawn into the opaqu Ions whin it ii 
pounded— thkl ia, nnder the action of a aeriea al blowa. Thua. »Tana niMim «l 
aa anhydrida *r« known, but aa jcl xhvy ar« not ohiLFactarianl bjr ajiy apwiil 
'^'.(Jfl in thuT ipeciflc gr^vitif*, at> that it cannot 
b* nld Hut Iha abort diStmicM an due to uiy iiomnia tnuulorouiion — that ia, ta an 
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Solutions of arsenious anhydride liave a sweet tnatalllo taste, and 
give 0i/e«bU acid reaetton. Its solubility increa«ea with the admixture 
of acids and alkalis. This shows the property of arsenious anhydride 
of forming salts with acids and alkalis. And in fact compounds of it 
with hydrochloric acid (Sole 31), sulphuric anhydride (mk further on), 
and with the alkali oxides are known." If silver nitrate be added to 
a solution of arsenious anhydride, it does not give any precipitate unless 
a certain amount of the arsenious anhydride is saturated with an alkali 
-for instance, ammonia. It then gives a precipitate of silver ai-senite, 
AgjAaO,. This Js yellow, soluble in an excess of amnionb, and anhy- 
drous; it distinctly shows that arsenious acid is tribasic, and that it 
differs in this respect from phosphorous acid, in which only two atoms of 
hydrogen can be replaced by metals.'* The feeble acid character of 



il probably only dflpend or 



tine divtribulian of ibe molccdei, or, lo outtt letmt,mn pbyueal uad 
timtloni. One pul nf Iha vitnoui Mihyrlride Ivqairci twelve pocli o 
for it! Klillign, or tnnir-RT* puU tl lh» ordinirji t*inpenitDra, Tl» op 
leu ulablc, and u U» gidiiiU7 Umpoutuni ceguini duut Kventy purl 
111 laliltian. 

but in the proHtiCB of nJliiilii H i>b>ui1» oijieen [ram tl 
Kduslng ofoni, Thi> probibljr in omnnrled nlth Uio Tut thftt inwniD uid la much 
mora energetic Uiui oneniona acid, ud thM it i< arnenic acid (rhich ia lonned by tha 
(uidatiab of the latter in the preeaooa of ulluJia. AvhuiioiiA aahydrido is frasily rcdUMd 
to Araanie by many metrtJi, even by oopper, 

** Thu fF«','^n#aaof Ui0 acid propflrtiDaalaraaniDDB anhydride UBoenmbhofuitbabil 
It be diHolved in ammonia valer, and then aetiU e^ongoraolutionoraDinionia be added, 
priimatic cryitaLa adparata having the compoaition of amiiioriinm mutai[a«nit«, NH,AiOs. 
Thia aoinioDlDin wit ileIlqD»cei in air, and Iowa all iU ammonia. Tlie magiiHinm laK 
ia tri-BulaUle, JiIgsfAiO;), ; it ia inaoloble in water, and ia formed by miiing an amino- 

It ia inaolubls even ill ammonia, altlioi^h it dia»Ivi» iu aa elco* of acida. Magneuoa 
faydjoxide givea the lame aalt with araeniona Hiiitiona, and hence magnetia iioneof 
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PRIHOIPLEB OF CHEMISTRY 

lanenious anhydride ia confirmed by the formatjoa of saline compooiufa 
with acids. Id this reipect the most remarkable example is th» 
aohydroDs compound with sulphuric aoid, having Ui« coupositioil 
As^Oj.SOj. It is formed in the roaating of arsenic*! pyrites in thoaa 
fapaces where the arsenious anhydride condenses, a portion of the 
sulphorous anhydride being converted into sulphuric Anhydride^ SO,, 
at the expeaae of the oxygen of the air. The compound in questioD 
forniB colourless tabular crystals, Which are decomposed by wat«r with 
fonoation of sulphuric acid and arsenious anhydride." 

AniimoTii/ (stibium^, Sb=120, is another analogue of phosphorus. 
la its oxtemal appearance and the properties of its compounds it re- 
sembles the metals still more closely than arsenic. In fact, antimon; 
boa the appearance, lustre, and many of the characteristic properties of 
the metaU. Its oxide, Sb,Oj, exhibits the earthy appearance of rust 
or of lime, and lias distinctly basic properties, although it correspoada 
with nitrous and phosphorous anhydride, and is able, like them, to gira 
aalLne compounds with bases. At the same time antimony pres e nts, in 
the majority cd its compounds, an entire analogy with phosphoros and 
kTsenic. Its compounds belong to the type SbX^ and SbX^. It is 
found in nature cbiefiy in the form at sulphide. Sb,S]. This ■afastaDOQ 
sometimes occars in lai^ masses in mineral veins and is known to 
mineralogy under the name of antimony glance or stilmiu, and com- 
mercially as antimony (Chapter XX., Note 29). The most abondaat 
deposits of antimony ore occur in Portugal (near Oporto on-the Douro). 
Besides which antimony partially or totally replaces arsenic in soma 
minerals ; tlius, for example, a compound of antimony sulphide and 
arsenic sulphide with silver sulphide is found in red silver ore. Bat in 
every case antimony is a rather rare metal found in few loonlitiM. In 
Bassia it is known to occar in Daghestan in the Caocanu. It ia 
extracted chieSy for the preparation of alloys with lead and tin, 
which are used for costing printing typo.*" Some of ita oompoonda an 
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" Adis (tSBff) ohtahad compoBBd* ol A*,Oi irith 1. 3. t. ud B SO, bj 
sotun at ordinuT and NodtuuMn Btikpbaric iioid opoD AaijOj. Wabflt had 
ObUinrd A>,0]BO, (•hleh diMiig*c» SOj ftt »B°|, uid k1h> Dlhu A»,0ihS0i (al 
fl^S, 8,ihAdH), bj the ketioD of the TfepoiutoF SO^ apoa A*, 
Tha i»mtiaiuid Aa,03,aSOi Uhm SO, >i 100° Oidda ol utimoDr, Sb,0„ ^i 
eompoiuidi. Ule |IMI) iIm oblunad (bj tbe hUoo of SO, upoD HiPO.J >' 
SjPO.iaOi in the locm ol ■ tuooim liquid di . . 
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aUo used m medicine, the most important in this respect beiug Hitintoujr 
pentasulphide, Sb,S, (tui/ur auratuin antimonii), and tartar etuetio, 
which is A double salt derivi^ troat lArtaric acid and has the coioposi- 
tioD C,H,E(SbO)Oe. Even the nutive aotimoiiy Eulphide is used in 
large (jaantities at a. purgative for horses and dogs. Metallic antimony, 
is extracted from the glance, Sb,S], by roasting, when the sulphur 
burns away nnd the antimony oxidisea, fonniDg the oxide Sb,0,, which 
is then heated with charcoal, and thus reduced to. a melallic slate. The 
.miuctioQ may be carried on in the laboratory on a small scale by 
fusing the sulphide with iron which takes up the sulphur. "'^'< 

Metallic antimony bus a white colour and a. brilliant lustra ; it 
remains untarnished in the &ir, for the metal does not oxidise at the 
ordinary temperature. It crystnllisea in rhombohedra, and always 
ehowi a distinctly oryatallice structure which gives it quite a different 
aspect from the majority of the metuls yet known. It is most like 
tellurium in this respect. Antimony is brittle, so tbst it is very easily 
powdered ; its specific gravity is 67, it melts at about 432°, but only 
volatilises at a bright red heat. When heated in the air^for instance, 
before the blow-pipe^it bums and gives white odourless fntnes, con* 
■isting of the oxide. This oxide is termed antioiomous oxide, althougb 
it might as well be termed antimonioua anhydride, It is given the 
first name because in the majority of cases its compounds with acida 
are used, but it forms compounds with the alkalis Just as easily. 

Antimonious oxide, like acsenious anhydride, crystallises either in 
regular octahedm or in rhombic prisms ; its specific gravity is 6'66 ; when 
healed it becomesyellow and then fuses, and when further heated in air 
it oxidises, forming an oxide of the composition Sb,0,. Antimonioua 
oxide is insoluble in water and in nitric acid, but it easily dissolves in 
strong hydrochloric acid and in alkalis, as well as in tartaric acid or 
solutions of its acid salts. When diasolved in the latter it forms taitar 
emetic. It is precipitated from its solutions in alkalis and acida (by 

Ifom 10 (a IE por aent, B> or 6 per cent- So and eien Cu ia ^ddriil. The hudiiEM dI ths 
■JId;, wkich i* iHentiiJ r« priuling. ciiJeotly depemU upcn .the ptsvncs of aallmaBir, 
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1B8 PRINCIPLES OF CHEMISTRY 

the action of acids on the former and alkalis on tha tatter). It oacmn 
native but rarelj. Aa a base it gives salts of the type SbOX (as if the 
btusic saIU=SbX„Sb30,) and hardly ever forms salts, SbX,. In tbe 
antimonf 1 salts, SbUX, the group SbO is iinivoleat, like potasaiom or 
siWer. The oxide itself is (SbO),0, the bydroxide, 8bO(OH), &e. ; 
tartar emetic is a suit in which one hydrogen of tartaric add is replaced 
by potassium and the other by antimonyl, SbO. AntinioQioua oxide ia 
xery easily separated from its salts by any base, bnt it niust be observed 
that this separation does not take place in the presence of tartaric adt^ 
owing to the property of tartaric acid of forming a soluble donUe Bolt 



If metallic antimony, or antimoiiious oxide, be oxidised by an excee* 
of nitric acid and the resultant moss be carefully evaporated In drynez^ 
metantimonie acid, SbHOj, is formed. Its corresponding potaasiiun 
salt, 3SbKO],6H,0, is prepared by fusing metallic antimony with 
one-fourth ita weight of nitre and washing the resultant maw with 
cold water. This potassium salt ia only slightly soluble in water (in 
50 parts) and the sodium salt is stUl less so. An ortho-acid, SbHiOu 
also appears to exist ; '"''' it is obtained by the action of water on 
antimony pentochloride, but it is very unstable, like the pentachloride^ 
SbClj, itself, which easily gives up CI,, leaving antimony trichloride^ 
SbCl], and this is decomposed by water, forming an oxychloride — 
SbOCl, only slightly soluble in wat«r. When antimonic acid ia heat«d 

tk Ae imtiiiioiuDUB oiidfi ADfiADi-h Id the typa 8bX], it lAcridput iha.t corupouibd* nuf 
~»t in which uitimoaf will n-pla£e tlire« fttomi of hydrogen ; wich DompoBndi luva 
V «4Aily convnlsd by watar into mbtHaacaa 
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thrso hjr uitiDioDjr. But tfaii lubaUoix ii riMxiiivtrted into lulu eia«ti« by Ih* teluia 
of wttai. 

A Birailu- Mmpaond ta H«n ia Ui*t iitlermediatt oxide ofanlimotiji whidi ii fmiMil 
ohm ■ntimonioiu oiids ii heilnd in ur: iu oompoaiUoa !• SbOi or 3b,0|. Tbia 
oiide nuy be rcgnrtlsd u orlhuUmonlo «id, SbOfHO),, in which thr*« fttom* ol 
hjdrogoa vb mpUood by antimony in that AUt« m which it ocean in oxide of uituniB^ 
—iM. SbOfSbOi) -^ 8b^,. Olidfl of utinaonj >> |J» loimtd whan uilinunus hU is 
IgniUd ; it Iben Iohh w«t«f Imd qirfen, ud givee Uub anlcrniediAt« oxida M ft *hlle 
la puwdor. of up. gt. 6'7. II in KtuiBwhit iDlDbla tn wilw, %nd give* * ■datioa 
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in tl>D thiD-campcnindi, tor inslucn. tkhlippg'i nil. NutSba^ but thi* nil liio ttmttiaa 
■ntti of ciyattUiHtion, 911,0 (ChtpUi XZ., Mob* W). 
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PHOSPHORUS AND THE OTHER ELEMENTS OF GROUP V, 

to an incipient reel heat, it parts witb wat«r and forms the anh^drida, 
6b,Oi, of a yellow colour and specific gravity 6"5," 

Tha heaviest analogue of nitrogen and phosphorus is binmulh, 

" Among [lie other compoumli of antimony, antiiiiBniurrllrii hj/droffeii, SbHj. »- 
■emblH unenluntttd hjdrogcn in iU madu ol Inmulian and propertici (it iplita op ■! 
wfaen liqniflnl.! t boiltU -W° ud ulidUes at - «S°). whllit tbe bODgn 
ji m«if ropecta from thoi« ot araeDic, Wlun cldOTiii« ia paaaed ovflr 
any powder, it [omu anliuumy Iricblaridt, SbClg, bnl il U» ehlorina 
b> in ucaii iL lormt the peiitacUondr, EbCI^ Tb< tricUorida ia a crrilnUini alllN 
MaiiH which nuilti at 73° and dialili *t 230*. whitit the penKuhlorids ia a yeDow 
liquid, whish aplit* up into clilorine and the Irichlorida when healed ; al ItO" it begins 
to give dO chlnrina abundantly, carrying away the vapour of the tric^hloride with il ; and 
at WV Ihe dccompoiiUon is compli-le, and purs aatimODJoua chloride only paiva over. 
Thii preparty of aotimony pgntachloride haa caoaed it to be applied in maay caact for 
Ike tnaaleience ef chloriue ; all the more that when il hu given Dp its chlorine, ii 

aatiiniiny penlechloiide. and i the preience of a mall quantity at it eblocine will Mtoa 
Ibam, joil u oiygan ii able, in tha prauine* al nitrogcD oiidcB, to oiidiie inb 
which oonia DDl be oiidiaed by neani of free laygeo. Thni carbon biiulpbidi 

■eked on by chlorine at low lempetaturea— Ihia r - 

— bnt in ifi* preHnoa ot antimony penlarhloride iti 

l^«» pLaca at low temperaturtB. Antiniony tri- and panlachloride, hating t 

character of chloranhydridn, fame in air, attract 

trichloride doe* not arolve all iti chlorine u hydroohlorio acid, which ii iDlalligible in 
rlaw dI the tact that antimonieiu anhydride it alio a ba«*. and >a (hernJore eUe (a 
MKt with acidi ; indeed anlisiDny sulphide diuolvsd in an eiceii al hydrochloric acid 
(hydrt^n aolphide ii eTolied) givca an aqneoua eDlDlion of antimony trichloride, which, 
whoo carefully diililled, eran givej the anhydrona compound 
only deeompoied by an eiceaa ot water, and then nol completely, for with alargaqnulit) 
ol water it fonu pmeier of atjaroIJi — ■*'. antimony otyehloride The Bnt action ol 
water eonilgia In the fomation of oxgehluride, SbOCl— thai ie, a ult correiponding tc 
oxide oluUmoay u abaae. If antimony oiide or antimony chloride be diaaolved inu 
ac*u of hydroehloris acid, and tbe aolntlnn diluted with 
water, then thit lame powder of nlgaroth is precipitated, Tbe compoaltian Tariei with 
tbenslative amount of waUr: namely, between the limili SbOCl and Bb,0,Cl^ Tbs 

- « SbOCl )Sb.,Oi, 

With biomine and iodine, antimony formi eomponnds tiniilar to thoee with chlorine. 

870° ; intimcnioua iodide, Sbli. '«»■ red crystali ot Hp.^.5'0: 
Bb?j aeparatea tnns ■ aolBlion ol antimonioDB oiide In bydrcflDorie acid, and SbP, ia 
lamed by a limilar treatment of tntlmonie acid. The latter givei eaaily-aolDbla douUs 
tilU with the fluoridea of the melala ol tbe alkalia. 

Ife Haen (1H7) obtained very lUbla doBhlo tolnhle ealta, BbFi,KCl (100 pi 
water diuotve E7 part! ot >a1l), 3bF],K,SO„ Ac„ which he propoied lo mate Dae of in 
the art< aa vrry eaully crytlallieable and lalnblo leltl ol antimony. 

Engel, by paaaing hydroohloric acii gaa into a utnrated h>lntlon of anlimoniou 
chloride at 0°, obtained a compnnnd HCI.SSbCli.fi&iO, end with Ihe pcnlaehlorida a 
compoBnd BhC1„EHCI,l0R,O. Biimnth trichloride, BiCI 

Sannden (tsn) abuined nBbCl.tSSbCI) and RbCI.SbCI] Dlite and Helnar (ISM) 
•bowed that Sb uid Bi diieolfe in hydrochloric acid only offiOR to the parlldp^ioii ot 
lh« oiygcn of the ur or of that diuolved in tha aci^ 



Bi=308, llere, as id the other groaps, the basic, metallic, proper- 
ties increfiMi with the atomic weight Biamutb does not give uty 
bj'drogen compound and the highest oxide, BijO.,, is a very feebl« 
acid oxide. Btamathous oxide, Bi,0,, is a hiLse, nod biBiDuti) JtaeU 
a perfect metal. To explain the other properties o( bismuth it must 
further be remarked that in thi> eleventh leriea it follows loercair, 
thalliuia and lead, whose atomic weights are near to that of bismuth, 
and that therefore it resembles tliem and more especiallj its nearest 
neighbour, lead. Although PbO and PbO^ n>preseiit types different 
from BijOj and Bi^Ot. they resemble them in many respeeU, even in 
their external appearance, moteover the lower oxides both of Pb and Bi 
are basic and the higher add, nbieh easily evolve oxygen. But judging 
by the formula, BijOj is a more feeble base than PbO They both easily 
give basic aalts. 

Bismuth forms compounds of two types, BiX, and BIXi.'* which 
entirely recall the two types we have already estabUshed tin' the 
compounds of lead. Just aa in the ease of lead, the type PbX, is 
basic, stable, easily formed, and passes with difficulty into the higher 
and lower types, which are austable, so also in the case of bismuth tli« 
type of combination BiX, is the usual basic form. The higher type of 
combination, BiXj," in fact behaves toward this stable type, BiXj, in 
exactly the same manner as lead dioxide does to the monoxide; and 
bismothic acid is obtained by the action of chlorine on bismuth oxide 
suspended in water, in exactly the same way as lead dioxide is obtAined 

o MsUlliD biamalh li -erj etMilj obUined "ben thf nompoood" of ttia otiit ire 
rrdnud bj poosriul ndocing aganU, but vhao 1«h [ownrful tsdncing ■ctula-llar 
lUDipla, (Uonoiu oaide— in Ukm, binantb nbaiida it lormed h • bluk ci^uUtna 
powdnr. It ii ■ DDinpiniDd of Uu (jpa BiX^ iU oompoutloii being BiO ; it ii ili 1 1 iiijiiiml 
bj aoidi into the met*l uid olid«. whiob p««Bea into aoIhLdil. 

•• The type BiXi in repre*ented b; the paDtocde, BiiO^. ili mMKhjidimte, Bi,0>Bp, 
or BiHOi, 1ii>owDubi>uiDthiouid.uid the pTTDhrdnle, Bi^Oi. Bimnuthpmtoade 
i> ebUined bi the pnloDged puu^ of cUDrina thnogh ■ boUiag «' ' ~ 
Ii]rdrD>id<> |ip. gi. I'M). DaDluDing biamuth oiida in iiupaiuiaDl 
wubed with ua,l«r, with boilLnR nitric Kid |bllt not tot lsc«, H otherwHS the ll 
luid i> doKHopaHid), then ncun with mler. ud fiiull; the nniltuil bright nd powdKiri 
the hfdnta BlHOi ii dried M 1U° Tbe ppjlonced KboD of niDio uid on biuaaltala 
uJijrdrfde, £i|Oj. nnilu <b the iDnnsiiaii ol the cqmpoDDd B1,0, J[,0, wbiiA ill In in Hi ill 
in DKilH tir. lormiDg Bi,Oj. Tbe denul)> of biunnlhio enhjdride ii 110, ot (ha Ictn^l^ 
BM>t' '*(>•"' °' *>'™"''^° '^^ BmOi. S-7S. PgraHtmulhit luid. Bi,H«cit. loRM 
k broini powder, which loaea ■ pDctiAi of iu wetor at 1W°, ud decompoK* ea tuth* 
heilinCi wilb the OTolalian ol oirgen ei\d mMi. It ie obtaioed hy the utioD of potM- 
sinm creuida en ■ Hlntioo id biusDlli nilreM. Tb* EWta-MlW ol biimalhio aeid tn 
known, for eniDpU KBiOg. Tb*; Kenanltr oecDi', howaver, in coadnnUiiwa with m«t» 
bimalhig Hid itaalt Thm AodrJ (ISlil) h»k ■ nolDboii ol the donbla mIIoI BiBn tad 

KBr, trntted it Bith bronuoe itter idding u ' 

tkle. whicb «Jl«r being weahod (for av^ijra] weekt) he 
Whan wubed with dMble iiitrio amd thii lelt gave bi 
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from lend onidc. It ii nn oxidising agent like lead dioxide, and even 
the acid ch&racter in bismuthic acid is only Hlight1}> more developed 
than in lead dioxide. Here, as in the case of lead (miniuin), inter- 
mediate compoundE are easily formed in whioh the bismuth of tb« 
lower oxide plays the part of a base combined with the acid which is 
formed by the higher form of the oxidation of biamotb. 

In nature, bismuth occurs in only a fe« localities and in small 
qanntitiee, moat fre^juently in a native statp, and more rarely as ozida 
and as a compound of bismuth sulphide with the sulphides of other 
metals, and sometimes in gold ores. It is extracted from its native oro6 
by simple fusion in the furnace showa in fig. S5. This fur 
an inclined iron retort, into 
the upper extremity of 
which the ore is charged, 
and the moltea mela! Sows i 
from the lower extremity. 
It is refined by re-melting, 
•lid the pure met.-U may be 
obtained b; dissolving in 
nitric acid, decomposing the 
resultant salt with water, 
and reducing the precipitate 
by heating it with charcoal. 
Bismuth is a metal which 

crystallises very well from a molten state. Its specific gravity is 9-8 ; 
it melts at 269", and if it be melted in a orudble, allowed to cool slowly, 
and the crust broken and the remaining molten liquid poured out, perfect 
rhombohedral cry^^tals of bismuth are obtained on the sides of the 
crucible."^ It is brittle, has a grey-coloured fracture with a reddish 
lostre, is not bond, and b but very sUghtly dvctile and malleable ; it 
volatilises at a white heat and easily oxidises. It recalls antimony and 
lead in many of its properties. When oxidised in air, or when the 
nitrate is ignited, bismuth forms the ojride, Bi,0„ as a white powder 
which fuses when beattyil and resembles maosicot. The additiou of an 
excess of caustic potash to a solution of a bismuthous salt gives a whi te 
precipitato of the hydroxide, BiO(OH}, which loses its water and gived 
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VKOSCaiXB OF CBKMISTRY 

the anhjidrovfi oxide when boiled with a solntion of eatutic potaali 
Both the hydroxide and oxide essily dissolve in ncids and fom bii 
mutbous snlta. 

BUinutlujut oTtde, BijOj, is a. {eeble and uneiiergetic bade. Th« 
normal hydroxide of the oxide Bi,0] is Bi(OH),; it part* with water 
and forms a nietahydroiide (bismuthyl hydroxide), BiO{OH). Both o( 
tbsM hydroxides have their corresponding saline compoands of Uio 
composition BIX, and BJOX. And the form BiOX is nothing else but 
the type of tlie basie salt, becauM 3R0X=RX4^R,0,. It ia evident 
that in the type BiX^ the bismath replaces throe atoms of hydrogen. 
And indeed with phospborio acid solutions of the biamuthous salts 
give a precipitate of the composition BiPO,. On the other hand, in 
the form of compounds BiOX or Bi(OH),X, the univalent group (BiO) 
OP (BiHjO,) is combined with X. Many bismuth salts are formed 
according to the type BiOX. For instance the carbonate, (BiO),CO,, 
which corresponds with the other carbonates MiCO,. It ia <nbtaiaed 
as A white precipitate when a solution of sodiam carbonate is added to 
& solution of a bismuth salt." The compound radicle BiO is not * 
special natural grouping, as it was formerly represented to be ; jt ia 
simply a mode of expression for showing the relation between the com- 
pound in question and the compounds of other oxides. 

Three mlU of nitrii: acid are known containing bismuthous 
oxide. If metallic bismuth or its oxide be dissolved in nitric ncid, it 
forms a colourless transparent solution containing a salt which sepa- 
rates in large transparent crystals containing Bi(NO,)„.'iI[jO, When 
heated ut 60° these crystals melt in iheir wat«r of crystallisation, and 
in so doing lose a portion of their nitric acid together with water, 
forming a salt whose empirical formula is Bi}N,K,Og. If the preceding 
salt belongs to the type BiX,, this one should belong to the form 
BiOX, because it=BiO(NOj) + Bi{HiO,XNOj). This salt may b» 
heated to 160° without change. When the first colourless crystalline 
salt dissolves in water it ia decompottd. There is no decomposition if 
an excess of acid bo added to the water — that is to say, the salt is able 
to exist in an acid solution without decomponing, without separation of 
tbeso-ealledbaaicsalt— but by itself it cannot be kept in solution ; water 
decomposes this salt, acting on it like en alkali. In other words the 
basic properties of bismuthio oxide ara«o fee'ble that even water acts by 
taking up a porUon of the acid from it. Hero we see one of the moct 
striking facts, long since observed, confirming that action of water on 
salts about which we have spoken in Chapter X. and cleewhene. Thta 
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a<!liOD on wntor mny be expressed thus: — BiX, + 2H,0=Bi{0H)jX 
+ 2XH. A salt of the typo Bl(OH),X ig obtained in the precipitate. 
Bat if the quantity of acid, UX, be increased, tlie salt BiX] ia 
■Lgiin fgrmed aad passes into solution. The quantity of the utt BiOX 
which passes into solution on the addition of a given quantity of aoid 
depends indisputably on the amount (mass) of water (Moir), The 
solution, vhich is perfectly trnnapurent with a biubII amount of wnter, 
becomes cloudy and deposits the salt of the type BiOX, when 
dilated. The white ihiky precipitate of Bi(OH)jNO, fonnod from th« 
normal salt Bi(NOt)j by mixing it with five parts of water, and in 
genenJ with^a small amount ot waiter, is need in u^edicine nndar the 
name of roogisteTj of bismuth." 

Metallic bismuth is used in the preparation of fusible alloys. Thn 
kddition of bismuth to miuiy metals renders them vety hafd, and at the 
same time generally lowers their melting point to a considerable extent. 
Thus Wood's metal, which contains one part of cadmium, one part of 
tin, two parts of lend, and four parts of bismuth, fuses at about 60°, and 
in general many alloys composed of bismuth, tin, lead, and antimony 
melt below or about the boiling point of water.*' 

•* With ui eioeu ol vMetilnnberquuititrDf uld ii uptnMd uid 4 rtUl more buio 
ult formed. Tbe nltimnla prodocl, on vUeh m oic6«» of watsr bu ■ppuaDtl]' no 
Mtiou vIuUto-. ii * lUbsUBM haTinc the compoutwo BiO(NO])3iO(OH), In tb* 
IctMT wllira ih llu limit of ctumgn, uid tbii limit appsui lo (how ItuE ihn tjpg 
of Uw ulioe Mmpoimd* ol bUmaOuo oiida is of ths (arm Bi,Xi, uid not BiXj; 
htti it ii T«^ prob^blv, on Iho hMift ol the «xunp]« irhiah we coondcred in the cAie of 
lend. Ibit thi> iTpe (bonld be itill (orther polymeiijad ia order to giiee«7mctide*ii[ the 
iTpe ■>[ IIm biimnlboai compoBiidi. U we nFet til the binuithiKu eompaaiult lo tlui 
tjf», BijXg, wa ih^ dbtun the taUowing eiprewon forthe oompoeitiOD o< the nitretai ; 
aoniul ult, Bi,(NO])i. am biuio ull. Bi,o|0H),(NO])^ aiii«islar7 ol biimalta, 
Bi](OH),(NDi)„ ud the timitlng form Bi,0:(DH)(NOi). 

Tbe goaenl cbuulvi of biimnthoDi oiide in its ramponiidi is nell «umpli£eil 
in the Ditnte; biEutathouB chlorids, BiClj. which is obtwaed bj besting blnniith 
in ehlorina. or b; diuolnng il ia *qu rsgia, uid tbon diitillfiig willunit moAi dI 
tui. [■ aJto dKonpdied by water in exectly tbe lune mumer, uid fonu buio 
■illi— (or iuluct. fint, BiOCl. like the abore ult ot niCrie add. Bimuth 
ehlorida boili ^1 tlT° ud probnblr its formuU is BiClj. Polfmeriutioo buj >ak« 
plue in Mme compoiudi end not in olberi. A tolUile oooipaiind of ths oompotition 
Bi[C)Hj)] i> aUoknowaus Uqaid vhich Li iuolnble is wsiar uid decampoaea with 
eiplnaioD when haated at ISO". Doable ults conlaiohig chloride ot bimnUi are : 
KKCI|BiCli3H,0 (Irom ■ wlutioo oI Bi,Oj and KCl in hjdRKhlorio aeid) ud 
KCIBiCljH^. Bieham (IMS) alu obtvii»d EBr<SOt), in Ubolai cryitala bj tmting 
tb* abora-uDied doable ull with etrong nilpbinic eeid. The oompoeilioa ol thi> aalt 
ncalla thu »t alom. 

I' Aa the metali nwuioed in tHoji like the above (biemnth, lead, lin, cadmiom) an 
dilBcnlUT TolatOe ud thrir allof • are f ntible, tbei mn; be emphiyed in the[>1a«ol a»r- 
ctUT inmanj pbjiical eiperimenla coiuliuted at oi abore 10°. and Ihe; oEat Uw admilaea 
4b4t (her do nolgiTa any TapoorbliiDK an appreciable tanaiaa (suTsnrT at 100', 0-It mm.) 
BimiDth eipanda in jir-'^j into a moJtea abate, bat it baa a taapenton of m 
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Just a£ in group IT., side by side wiih the elements iinc, cadminiB, 
and mercury in the uneven series, we fuand calcium, strontium, mai 
barium in the even series ; and its in gi'oup IV., parallel to silicon, ger- 
manium, tin, and Icxd, we noticed thallium, zirconium, cerium, and 
thorium ; so also in group V. we find, beside those elements of the un- 
even series just considered by us, a series of analogues in the even series^ 
which, with acertaiu degree of gimilarity (mainly (|uantitative, or relativ« 
to the Atomic weights), ulso present n series of particular {(jualitative) 
Irukpendcnt points of distinction, In the rven series are known uano- 
dium, which stands between titanium and chromium, «iuii«Hi, between 
lirconium and molybdenum, and tanlaluni, situated nenr tungsten (an 
filebent of group VI. like chromiuni and molybdenum I. Just as bismuth 
is similiiT in many respects to its neighbour lead, so also do these neigh- - 
bouring elements resemble each other, even in their external iippeajuice, 
nut to mention the quality of their compounds, natumlly Mking into 
account the differences of type corresponding with the diSVrent f^tnips. 
The occitrrence in group V. determines the type of tlie oxides, 11^0} 
and BjO], and the development of an acid chmncter in the higher 
oxides. The occurrence in the wen senes dctenninea the absence at 
voktilB cuiupounds, RHj, for these metals, and a more basic character 
of the oxides of a given compositjun than in the uneven series, ittc" 
Vanadium, niobium, and tantalum belong to the category of rare metals, 
and are exceedingly dilficult to obtain pure, more especially owing to 
their sirailBrity to, and occurrence witli, chromiuni, tungsten and other 
Tnetals, and also in combination among themselves ; therefore it is 
natural that they have been far from completely studied, although since 
1860 chemists have devoted not a little time to their investigAtimi. 
The researches carried out by llarignoc, at Geneva, on niobium, 
and by Sir Henry Roscoe, at Manchester, on vanadium deservs 
special attention. The undoubted external resemblance of the com- 
pounds of chromium and vanadium, as w'ell as the want of com- 
pleteness in the knowledge of the compounds of vanadium, long Cauaed 
its oxides to be considered analogous in atomic composition to thoM 
formed by chromium. The higher oxide of vanadium was therefon 
supposed to have the formula VOj, But the fact of the matter is, 
that the chemical analogy of the elements does cot hold in ona 
direction only ; vanadium is at one and the same time the analogue of 

dtniitjr. A«UTdiiig lo LociliikiuB Ihi iheui cocffli-leni at cip«ii>iai> o{ li^uial biunglh h 
U'DDOUNa|Vtu«i>*TU° uidsoa"), uidoTKlldbniautliO-OOOaill, 

• AHlinogh, guided bj Bnnwr, who .howsl I1»i didjrmiuin givra a bighn oilds, 
1>^0,„ I lilrue Lliil itiJinHnl in tbo llllh gri>u|<, Mill I am not »rUia a 
bwaiuu I i-oiiiUlar Uul Uio qtmlioni nikting to thim rmU) u« iliU tu 
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chromium, and consequent!; of the elemeuts like sulphur of group VI, 
and also the analogue of phosphorus, arseiiic, and antimony ; just aa 
bismuth stands in respect to lead and antknony. Investigation hoa 
sbownlhattbecDCipouadaof vanadium are always accompanied by thom 
of phosphorus as well as of iron, and that it is even more difficult to 
separata it from the compounds of phosphorus than from those of iron 
and tungsten. We should have to extend o 
if we wished to give the complete history, ei 
to mention niobium and tantalum, all the m 

uutrequently arise concerning the compounds of these olemetite which 
have not yet been fully elucidated. We shall therefore limit ourselves 
to pointing out the most important features iu the history of these 
elements, the more so since the minerals themselves in which they occur 
are exceedingly rare and only accessible to a few investigators. 

An important point in the history of the members of this group 
is the circumstance that they form volatile compounds with chlorine, 
nmilBr to the compounds of the elements of the phosphotlis group, 
namely, of the type RX„. The viipour densities of the compounds 
of this bind were determined, and served as the most important 
bwis for the explanation of the atomic composition of these moteculet. 
In this we see the power of geneml and fundamental laws, like th« 
law of Avogodro-Gerhardt. An oxychloride, VOCIj, is known for 
vanadium, which is the perfect analogue of phosphorus oxychlorjde. 
It was formerly considered to be vanadium chloride, for just as in 
the case of uranium (Chapter X.XI.), its lower oxide, VO, was con- 
sidered to be the metal, because it is exceedingly diSicoltly reduced — 
even potassium does not remove alt the oxygen, besides which it bai 
a metallic appearance, and decomposes acids like a metal ; in a word, it, 
timulates a metal in every respect. Vanadium oxyditoride is obtained 
by heating tlie trioxide, VjO„ mixed with charcoal, in a current of hy- 
drogen ; the lower oxide of vanadium is then formed, and this, when 
heated in a current of dry chlorine, gives the oiychloride VOClj as a 
reddish liquid which does not act on sodium and may be purified by 
distillation over this metal. It fumes in the air, giving reddish vapours ; 
it reacts on water, forming hydrochloric and vanodic oclda ; henoe, 
on the one band it is very similar to phosphorus oxychloride, and on 
the other hand to chromium oxychloride, CrOjClj (Chapter XXI.) 
It is of a yellow colour, its specific gravity is 1*63, it boils at 120°, and 
its vapour density ia 86 with respect to hydrogen ; therefore the above 
formula expresses ite molecular weight.'^ 
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Vanadie ankydridf, VjO,, is obtained either in amiill quantttiM 
from certain clays where it accompanies the oxides of iroa (hence ttaao- 
torts of iron contain vanadium) and plioaphoric acid, or from tha nre 
minerals : volbartlitle, CuHVO,, or basic vanadate of copper ; conO' 
tlinile, PbCI,3Pb](V0,), , lead vanndnte, Pbi{VOJ„ ic. The Uttec 
salts are carefully ignited for some time with one-third of their weight ot 
nitre , the fu.'.ed mass thus funned ■!> powdered and boiled in water : lh« 
yellow solution obtained contains potassium vanadate. The solution 
is neutralised with ac[d, and 1>anum chloride added ; a meta-salt, 
Ba(VO,)i, is then precipitated as an almost insoluble white powder, 
vhieh gives a solution of vanadlc acid when boiled with sttlphcng 
acid. (The precipitate is at first yellow, as long as it remains amor- 
phous, but it afterwards becomes crystalline and white.) The aolntioa 
thus obtained is neutralised with ammonia, which thus forms ammo- 
nium (mela) vanadate, NH^VO,, which, when evaporated, gives colour- 
less crystals, insoluble in water, containing sal-ammoniac ; hence titit 
latt is precipitated by adding solid sal-ammoniac to the solution. 
Ammonium vansdate, when ignited, leaves vanadic acid behind. la 
this it diSers from the corresponding chromium salt, which is de- 
oxidised into cliromium oxide when ignited. In general, vanadicscid 
has but a Small oxidising action. It is reduced with difficulty, tike 
phosphoric or sulphuric acid, and in this differs from arsenic ant) 
chromic acids. Vanadic acid, like chromic acid, separates from its solu- 
tion as the anhydride V,0], and not in a hydrous slate. Venadia 
anhydride, VjOj, forms a reddish-brown mass, which easily fuses and re- 
solidifies into transparent ctystals having a violet lustre (another poinfr 
of resemblance to chromic acid) ; it dissolves in water, forming a yellow 
solution with a slightly acid reaction.'^ 

of ip. p. 3'88. which it di:lii]Dficenl in mir snil bti tlin mtapoiiiliini VOOf Only 
itt vipoui duiiitj ii unkaown, uid it woiUd be eitnraelr imiKtrluit to drtwuiius 
wbatber iti mDleioUt compuiliou it Ui«t giveu iboTe. or vluthor it comapcoda oilh 
the tormnli V,0,CI,. Anothar Itn ToUtilc »;diloride, VOCl, ii lormed with il M 
•.liniwu bBDlubla sutnluuw, which ii, however, lolable in nilrio kcid lik* llw imMdiaf. 
BoacM obtiiincd • still leu Ehlorin^ted nlulADce, munnly, (V0|,C1i bnl il mkr ealf 
eoDiJit ot ■iDiitoitol VO utd VOCl. AtiU(vfiiU,HehenKudsgndiuted htImwiA 

» Strong BCidi Knd UkiLlla dituln nnadla knhjdride in G<iniid«nib]* quut|^, 
tonnlnc jM<tw Hitiitiani. Vfhaa il ii ignitad, (upKiillj ia ■ enmnt of liydrogBn, it 
•toIth oijgBH tad tanat th« lowar oiidea ; V,0, (odd hIbUdii* dI ■ gnau eoloor, lih* 
Uia »1U Hi chiomic oiide), V^,, ud the Idw*>I oiida, VO. Tha lul«r i> Uu metalllo 
powdrr which ii atilungd when the lusdiain oxTB'iIa'ids ii betted in kn aieHB «f 
hjrdngen, t»d wu tgnHBrl; niitekeo l« lutdlic vutdiam. When » lolgtim of 
Ttntdic uid it trettitdwith metillie nino it lonnie bliw K>1u(i<tii. vhich ueut locoalaln 
thit otide. II uli u > radueisg igent (luid lonm a doee uitlogDe to chnniiau mid*, 
CrO). M eialUQ vanadiuM cwi onJj be obltinod ficon Tuudinfo ebloride which it inil* 
fn« fnia exgrgui. VoittMi IISM) ohuintd it bj nduciug tha aiida villi caibon in Ih* 
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yiobium and lantaium" occur as aoida in rare minerals, »nd mn 
muolj extracted from lanlalice sad columbile, which are found in 
Bftvarin, Finland, North America, and in the Urals. These minemla 
are composed of the, ferrous salts of niobic and tantaLic acids ; thej 



elMtria lamam, and aoaiidaied il 
Cr, Mo, U, W. (ad V (be >1hi obt 
■pMiflc ginvHj ol ihn oictal ia 50. 
mtar, luid il not oiidiied in ur, bi 
eonait of bydnigeo <(q|-ming porli 
hjdtoebloTii: Bfid, hat la^iiy diuoli 
formi BodiiuD tf&nHdAt«- 

Ae iBgudi tha hIM of rmwd 
<.omtpoaA witlk meteTuuidio «dd 
dichmmfttoB — tTut io, h*ve tba cd 
^fcnd ■tho third coffBBpond with oi 
*n rorrD«d wh^n voniblia uihydridi 

Vuudio Kid giret tha ao-caU«d ' oompliijt' aci 
CbipteT XXI. in ipeiibnng ol Uo and Vly—ij. aci< 
one. Thai Friadheim (1600) obtained phoiphi 
JlBtO) a linulai Braeno-TanadiO acid. Tba fore 
tJiTUpy phoiphorio acid- The renltAnt ^di 
Q Hj0Vj0tP,0,BH]O, and 



moat iniuaibls nl tha metala in tha aeriaa Pt, 
I compoond vl vimiuliuin iLod uLTbon). The 
•1 a gT«7-wh^te colour, it not deccinpoagd bf 
a when atrongly heatsd, and con he Insed ia ■ 
sompoond with hjdragDny, It is ioaolubta to 



VM0,^M,0T,O^ the aeoond ooneipond with tha 
ipoaitian V,]iI,Oii, i^tunh ia aqoal to iLfltVffii 
!id,VMi0ior8M,O+V^,. ThalaWer 
I an eiceu ol an aUialina oarbonaM. 
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and TSgO. Sio. Theu aalU cannot be aepanted b^ oiyatalliaa- 
ibois we 'oompbiea' of ihete Midi in ■ whale Hriea of taJti (and alio in 
nar he iBppoKd (Priedhoim) that V,0, here, as it ware, pU^i the part ol a 
(Mae, or thai thoee eeidi may be loolied upon ai double «ltt. Amoug tha tnie double 
Mid ot vuudium (Nb and Ta) verj aiAaj are Imown among the fluoridea, inch u 
VFjUNttiF, VOFjaNH,F, VOjF.SNHjF. &o. [Pettenaon, Pioeini, und Oeorgi, 18W-fli). 
Vanadium wad diaoorered at the be([uuung ol this Dentury by Del-Bio, ajnl aftenvardi 
iDieatigalsd by SaTiliiim, but il naa only in 196(1 that Boscoe eetahliahed the above 
jDmioIiB of the nmsdjii compoinidi. 

^1 The reeearchea made by Boecoe were prwvded by thoeo o^ lUaiignac in 1B0&, on 
the cumpouiuit of niobium and tantalum, to which were alao aaorihed difforaat romuliB 
IroiD thoae now nco^ted. Tuitalmn woe diaUKrred uinalliuiaoualy with lanadiiun 
by Hatcbett and Ekeberg, and waa afterwaida qtudied by Eob«, who id ltJ44 diaoDfered 
nicbinm in it, Notwithat^diog the nnmcioDi leHaichei ot Hermuiu (mMoKvw), 
Eobdl; Bow. and Uarignae, (tilt there ia not yet any oartaiaty aa id the jmrity of. and 
the propertiea uoiibed to, tha coiupounde ot theae ekmenta. They ud difficult to 
eepaiatfl from eaidi othei, and eHpecinJly From the corite metala and titaninm, Ac,, which 
accompany them. Before the ioveatigationa of Roae the highaat otide ol Uutalum waa 
(Dppoeed b) belpng Io tha type TaS^— that ii, ita compoaitian ma taken aa XaOj. and to 
the lirwer oiida waa aacribed a formola TaOr Bow gore Ihs (omiola TaO, to the 
higher oxide, and diaflovered a new element called niobium in the aabdance preTiouAly 
•appoiad to be tha lower oiide. Be eien sdmitled the Etiatence of athird element occur, 
ling together with (anlalnm and niobium, nhioh ha named pelopinm, but ha aflerwarda 
found that pelopio acid waa only another oxide of uiobiuni, and h^ connidered Tt probable 
thai tbe higher oxide of thii element ia NbOi, ajid the lower Nh,0), Hermann found that 
Biobia H^d whibh waa coniudered pure contained a coniiderahle quantity of tantalic acid, 
■od beaidaB thia haadniiltsd the eiiatinceof another special metallifl acid, which he called 
ilmenio uid, after tbe locality (the Omen mounUina of the Uiala) of the mineral trom 
nhieh beobtunod ii V.Eobell recogniacd iliU analber acid, which be called dianic add, 
and these direraa Btatementa wereoalybroaghlintoagreement lulheaixiJeBby w*fijp^, 
He fint ot all indioalad an aocnnte method for tha eeptMtioa ol tanUlia and niobio 
a, which an alwaya oblaiiied in 
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contain nbout 15 per cent, of fen-ous oxide in isomarphoiH mlxtura 
with manganous oxide, in combination with vanoua proportion* i 
tantalic and niobic anhydrides. These mineiais are first fused with 
a considerable, amount of potateiutn biautphate, and the fus«d mas» 
is bailed in waiter, which disaolves the ferrous and potassium salts and 
leaves an insoluble residue of impure niobic and Uintalic acidu. This 
raw product is then treated with ammonium Eulphide, in order to 
in and tungsten, which pass into solution. Tiie residaa 
containing tiie acids (acoiirding to Marignac) is then treated with bydro- 
fluoiio acid, in which it entirely disHilves, and potassium fluoride is 
added to tlie resultant hot solution ; on cooling, a sparingly solul>l« 
double fiuoride of potassium and tantalum sepiiral«s out in fine crjEctals, 
while the niUL-h more soluble niobium salt remains in solution. The 
difference in tJie solubility of these double salts in water acidified with 
hydrofluoric acid (in pure water the solution becomes cloudy after ft 
certain time) is so great that the tantalum compound re<inires 1 00 parts 
its solution, and the niobium compound ouly 13 parts. 
The Grcenlnnd columbite (specific gravity 5'^6) only coulains niobio 
acid, and that from Bodcnninis, Bavaria (spedGc gravity 6-06) almoct 
equal quantities of tantalic and niobic acids. Having isola.t«d lantalk 
and niobic nOta, Marignac found that the relation between the putas- 
1 and fluorine in them is very varia{jle^that b, that there exist 
various double salts of fluoride of potassium, and of the fluorides of 
the metals of this group, but tbnt with an excess of bydroflaoric acid 
both the tantalum and niobium compounds contain seven atoms d 
ri two of potussiuui, whence it must be concluded that tlia 
rimplest formula for these double salts will be KiHF:=:RF^2KP ; 
that ia, lh>it the type of the higher compounds of niobium and tkntslnm 
ia RXj, and hence is aimilar to, phosphoric acid A chloride, TaCI^ 
may be obtained from pure tantatic odd by heating it with charcoftl 
in a current of chlorine. This is a yellow crystalline substance,^ which 
melts at 211°, and boils at 241° ; its vapour density with respect to 
hydrogen is 180, as would follow from the fonunla T&Clj. It i* com- 
pletely decomposed by water into tantalic and hydrochloric acids. 
Siobium penlachloride may be prepared in the same manner ; it' foMS 
at 194°, and boils at 240° When treated with water this nibstwioe 
gives a solution containing uiobic acid, which only separates out oa 
boiling the solution. Delafontaine and Ueville found its npour 
density to be 93 (air b 1), aa ts shown by its fonnula NbCl,." 
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the formnlB giton bj Marignnc, nnd in 

impoiuidH ol aiobiam Mid UnMlum. iin 

oasequADUj Mlmo of Tunadiam. In their quftlj 

ha com-Bpoiidenca ol the utomio weighti), the i 

nbagmkt wUogy with tbef^ompoiindjof idalybdHnmn and 

r ajt it does with thotaof tungsten and mglybdenuoi (klao 
he utna large nniiiber ol taJti u thou ol Inugslf n and 

St Ulie thou ot tiluio uid moLfbdiD .cidH. Funhennore, 
niobinm ia in evorj reipect the ufwrest vUkkj^no ot molybdenuoi, ajid tuitoJum of tung- 
■len. Niohium n ohtained hjr redociDif the doohle flnoritle of niobioin md sodium, «itli 
HdJDBi. It ii difienlt to oblun in a pun aUta. It ii ■ metnl an irbich hrdrochlorio 
acid uti irith mne eoergj, iie olw doci hydioflDorio icid miiced wi^h utric acid, sod *l«o 
A boiling Hlation oF eautio pot&*b. TantatMm, wbioh ia oblaincd in eiAotJy the lam* 
way, E« a noch be&vier metAl. It ii iufuuble, and ia oulj acted on hjr a mitCnre of 
hjdroAabrio end nitric ecida. Roae in IBOB ahowed that in the reductiou of the donbla 
fluoride, NbF,,liKF, b; lodiDin, a Krejiih powder ia obtained after treatio); with water. 
The apedSc gravity of this powder ia fiS. and he conilden it to br niabiuin hydride, 
NbH. Neither did he obUin oietallio niobiaiu when be redgoed with niaenaBiDm and 
alominliuii, but an alloy, Al^Nb, having ■ ap. gr. of 4*5. 

Niobioin, ao tar h ia known, Doilca lo (btea pniponloua with oiygeu. NbO, which ik 
faiiued when NbOFj,lKF ia reduced by acdiDni ; NbOi, whieh ia (ormed by igniting 
BiotHc aoid ill a itrMm of hydnigen. and niobio anhydride, Nh,Oi. a white Infnaibla 
eobalanea, whJeb ii inaolubto in aoida, and haa a apecifle gravity ol i-y Tantalic anhj> 
dride cloaely reaemblea niobie anhydride, and haa aspeciBc gtrnvity of T'3. TlulanlaUlm 
imd tiicbolrl preaeot the typo of ortbo-aalla— (or eumple, Na,HNbO,.flH]0, and alao at 
|»rto■aalt^ auch a* KjHNb^j.BH.O, and of meta-aiJta-lor eiample, KNbOi.SHjO. 

of Iba elemeuU of the anhjdHdc , Ihna, for initaace, when niobie anhydride i* fnaed 
with «D>tio potaib it forma a aalt which i> aoluble in water, and ciyalalliaei in mono- 
eliDie priwii. having the compoaition K|KbiOit,lBH,0- Theie ta a perfectly aimilar 
iaomoiphana lall of lanlalic acid. Tantalite ia ■ salt ol the type of mitatnatalic acid, 
FiKTaOt),. The compoaltion of Yttrotulahte appeara to coneapond • 
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CHAPTER XX 

SDLPHOR, SBLKNTDM, ASD TBLLITKItm 

Thk acid character of the higher oxides ROg of the element* of 
group TI. is Etill more clearly defined than that of the higher oxides of 
the preceding groups, vbilst feeble basic propertiea only appear in 
the oxides RO, of the clemenlA of the even series, and then only for 
those elements having ft high atomic weight — that is, under those two 
conditions in which, as a rule, the basic characters increase. Even the 
lower types RO, and R^O,, ibc, formed by the eleaeota of group VI., 
are acid anhydrides in the uneven series, and only those of the elemeata 
of the even series buve the properties of peroxides or even of hosea. 

^u//iAur is the typical represeotativeof group VI., both on'acconnl of 
the fact that theocid properties of the groupare clearly defined in it, and 
also because it is more widely distributed in nature than any of the otbcr 
elements belonging to this group. As an element of the uneven series 
of group VI., sulphur gives H^S, sulphuretted hydrogen, SO,, sulphuric 
anhydride, and SO^, sulphurous anhydride. And in all of them we find 
acid properties^-SOj and SO, are anhydrides of acids, and H|S b an 
acid, although a feeble one. As an element sulphur has all the pro- 
perties of a true non-metal ; it has not a metallic lustre, do«s not 
conduct electricity, is a had conductor of heat, is transparent, and 
combines directly with metala — in short it bos all the properties of the 
non-metftls, like oxygen and chlorine. Furthermore, sulphur exhibits 
a great qualitative and quantitative remmblanct to oxygen, especiallj 
n the fact that, like oxygen, it combines v^th Ivo aUrmi o/ hydragtn, 
and forma compounds resembling oxides with metals and non-metals. 
From this point of view sulphur is bivalent, if the halogens are univa- 
lent.' The chemical character of sulphur is expressed by the fact 
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that it forms a very sligbtly stable and feebly energetic acid with 
hydrogen. The wJta corresponding with this acid are the aulphidea, 
jast OS the oicides correspond to water and the chlorides to hydrochloric 
Rcid. However, as we shail afterwards see more fully, the sulphides 
are more analogous to the former than to tbo latter. But although 
combining with metals, likd oxygen, sulphur also forms chemically 
stable campoutiila uith oxygen, and this fact impresses a peculiar 
character on all ths relations of this element.' 

Sulphur belongs to the number of those element* which are very 
widely diatribvUd in luiturt, and occurs both free and combined in 
various forms. The atmosphere, however, is almost entirely free from 
com[>ounds of sulphur, although a certain amount of them should be 
present, if only from the fact that sulphurous aohydride is emitted 
from the earth in volcanic eruptions, aud in the air of cities, where 
much coal is burnt, since this always contains FeS,. Sea and river 
water generally contain more or less sulphur in the form of sul- 
phates. The beds of gypsum, sodium sulphate, magnesium sulphate 
and the like are formations of undoubtedly aqueous origin. The sul- 
phates contained in the soil are the source of the sulphur found in 
plants, and are indispensable to their growth. Among vegetable 
(ubstances, the proteids always contain From one to two per cent, of 
Butpbur From plants the atbuminous substances, together with their 
sulphur, pass into the aniraal organism, and therefore the decomposition 
of animal matter is accompanied by the odour of sulphuretted hydrogen, 
Bs Uie product into which the sulphur posses in the decomposition of 
the albuminous substances. Thus a rotten egg emits sulphuretted hy- 
drogen. Sulphur occurs largely in nature, as the various insoluble sul- 
phides of the metals. Iron, copper, zinc, lead, antimony, arsenic, 4c., 
occur in nature combined with sulphur. These sulphidrt frequently 
tiave a metallic lustre, and in the majority of cases occur crystallised, 
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&nd also very often several sulphides occur combined or 
together in these crystallme compountls. If tbey ore yellow and harl 
B metallic lustre the; are called pyriteB. Such are, for example 
copper pyrites, CuFeS.j, and iron pyrites, PeS,, which is the commoaest 
of all. They are all also koown u glances or blendes if they am 
greyish and have a metallic lustre — for example, zinc blende, lead 
glance, FbS, antimony glance, Sb^S,, ito. And, lastly, sulphur ocean 
natlnf. It occurs in this forni in the most recent geological foruatioos 
in admixture with limestone and gypsum, and most fre<)neutly in the 
vicinity of active or extinct volcanoes. Aa the gases of volcanoes con- 
tnittsuiphurcompounds— namely, sulphuretted hydrogen and sulpburooa 
anhydride, which by reacting on one another may produce sulphnr, which 
alao frequently appears in the craters of volcanoes as a sublimate — it 
might be imagined that the sulphur was of volcanic origin. But on a 
nearer aquaintanco with its mode of occurrence, and more, especially 
considering its relation to gypsum, CaSOj, and limeelone, the preKesi 
general opinion leads to the conclusion that the 'naliv^'aulphur haa 
been formed by the reduction of the gypsum by organic matter And 
that its occurrence is only indirectly connected with volcanic ogenciea 
Near Tetush, on the Volga, there are beds containing gypsum, sulphur, 
and asphalt (mineral tar). In Europe the most important depouts of 
sulphur are in the south of Sicily from Catania to Girgenli.* Thers 
are very rich deposits of sulphur in Dngheatan near Cherkai 4U)d 
Cherkat in Khyut, near Mount Eacabour-bam near Petrovsk, aod 
in the Kira Koumski steppes in the Trans-Caspian provtocei, which 
are able to supply the whole of Russia with this mineral. Abundant 
depodta of sulphur have also been found in Kamtchatka in the neigh- 
bourhood of the volcanoes. The method of separation of the Bolphnr 
from its earthy impuritieH is basrd on the fact that sulphur melta wliea 
it is heated. The fusion is cactjed on at the expense ot a portion of 
the sulphur, which is burnt, so that the remainder may melt and ma 
from the mass of the earth. This is carried on in special (unwoM 
called calcaroni, built up of unhewn stone in the neighbourhood of tlm 
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known aa /toiovri of atilphur.' But wben the tempersture of the 
r attains tbe melting point of sulphur, it pastes into a liquid 

tiilklion er nwcliuiickl trmtuwDl id order to lepintc tlie lolphur, lint its price i> loliKr 
IhAl Uiii method in moet cuu Is not proflUtlt. 

The anliUiQr abtaapfd by the iLbovB-dvwTrJbvd meihod itilt ooDt4ini nme iinpuritia, 
but it ifl fnt^uetitly made uw of ia thin fomi for miTiy pnrpoH*) and F*p«ially in con* 

For oUwr pujposoi, and »psd>lli in lbs preparation of gonpowder, ■ porer aulphor ii 
r«<]nired. Sulphur may be poriSed by dialillilion. Tbe crude iDlpbai is i^allad rouffh, 
wid the diitillsd nlphor rrfined, Tbf amrrgtment giieo in Bg. BO ig employed (oi 
nlining lulphar. The loogh lulphar in meltsd in the boiler d, and u >l mellt it ii run 
through the Inb« F into ui iron retort B belted by the oaked Suae of the fnmMe. 
Here the HDlpbar ii oonverted into nponr, whieh puMi through ■ wide lube into lb* 
chunber O, (iirroundod by ilana villi and himiihtd mth ■ Mlaty-Tilve S. 

^ Ploiren of tulpbnr »i*H]rt Doptftln « cerlniD nmoDbt of the oiidBi of anlphar. 
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State and is cast into moutda (like se&liag wax), and is Ihea know] 
under the name of roll sulphur.^ 

In an nncombined stiit« sulpbur eiUts in stmrtii m/xfi/ieaiifm*, k 
furms Bi good exaoiple of the facilitj with vhich an alteration of proper- I 
ties can tako place without a change of composition — that ia, as regi 
the material of a substance. Common sulphur has the well-kaowD 
/ellow colour. This colour fades as the temperature (alls, and M—W 
sulphur is almoat colourless, It ia wery brittle, so that it may be eaeilj 
converted into a powder, nnd it presents a crystalline structure, whicb, 
by the way, shows itself in the unequal expansion of lunips of snlpbor 
by heat. Hence when a piece of sulphur is heated by the warmth of 
the hand, it emits sounds and sometimei orocks, which probably also 
depends on the bad heat-conducting power of this substance. It is easily 
obtained in a cTystalline form by artiScial means, because allhou^ 
insoluble in water it dissolves in carbon bisulphide, and in certain oils.* 
Solutions of sulphor in carbon bisulphide when evaporated at tlie 
ordinary temperature yield well-formed trooflparent cryatab of sulphur 
in the foroi of rhombic octahedra, in which form it occurs native. The 
specific gravity of these crystals is 2045. Fused sulphur, cast into 
moulds and cooled, has, after being kept a long time, n specific gravity 
2'0G6 , slmost the same as that of the crystalline sulphur of the aboi-« 
form, which shows that common sulphur is the same as that which 

* Sul|>hur ma; ba eitraottd bj VBdooB other mMJia- tl maj be «KtT>et«d froB inn 
pfcitea, FoSg, whioli ii ■ntj widelf diotribnlcd in DaLiiie. From 100 puit ol iraa I^Tita* 
about bill Uu Bnlpbac MotaiDcd, niiinelir, tbanl 36 puti, to,%j be utnoted b; bealiac 
wilboQl the occut dJ air, a lever enlphide of ima, which it more itable uader Iheefitim 
of heil, bein; lelt bcbiod. Atktii wuta (ChspUt ZlI.),coaluDinK eolcinm ndiifaideaad 
grpaniD, CeSO,. mi; be Died For the umo purpo», bal DitiTe eulphDr ii u chop tbat 
recouTH aui only hr hid to these lonK^i nhnn the culdain •ulpbide >]ipau« u ■ mrth- 
leea b;e-pR>dDCl. The mail iimple pnceii for the eiUutkm ol lutphiii trcnn alkUi 
wute, in a chBrnicAl aenw, coDiUte m evalviog enlphiuattpd hrdrogen fno the i-alBiam 
tnlpbido by the ution ol hydrochloria uld. The •olphuretUid bydrasen when bnrat 
giiei wetcT and BnlpbDMIU anhydride, vhich leuti on In«h luJphorelted bydnsoB 
with the eepumlion of lulphui. The combuitiaD el Uie aulpbuiettsd hydrogen m^ b* 
ao coudncted thsl * miitara of 1H,8 and SO, ie attughtmy loimed, and tbia miXtSM 
wiU depoeit aulf^iti (Chaptei XII., Mote 14). Oeauge ud Chuce tiHt lOkBll «Mto 
vjkh eubanic anhydiide', and aubject the aulphuMtlrd hydrogen evolved to iBMBplelB 
combualian,(Uiia ia beat done by peuio( b miilnre ol inlphacetted hydrogen and air, 
takea ID Ihe lequiaita {HOiwtiiins evtr red.bol Jerrie oiida), by which 
Lba vaptiiu ol •ulphuT an tonned : H,S + OaH]0t6. 

' Ova faoDdiBd palta of liqaid caibon bimiil|^idB, CS|, dioolve IflEI pule U 
at -11°, W pMta at O", 8T paita •! IC, K pwte at S*", aod 181 parte U «' 
Mluiat«d lolution boilt at n", wbilit pure carbon biaalphide bsila at 17°. The . 
of aalphni Id catbon bianlphide ridncae the temperatBTc, jnat la in th* •nlnUoo 
in waUi. Tbna tbe Mdatiea of M paila of anl|>hui in W parti of carbon hinlpbld* ■! 
aa" toKsra the tamperatnre by E" ; 101) partu of beouca, C,H^ diiaoliaa OMf fait ot 
tolpboi atJM', and t'8T1 part* at Tl°; chloiotoim, CHClj, diaeoUea I'l part it wlphur 
•I Of, (ud leU parte at 1T1°. - 
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crystallisei in ocUhedrfi, The apeoifio heut oE octAhedral aulphui' U 
0*17 ; it melts-at 114% and forms a btlght jellov mobile liquid. On 
further lieating,' ths fused sulphur undergoes an elceration, which we 
shall presently describe, Grat observing that the above octahedral sUit« 
of sulphur is ita mfst stable (orm. Sulphur may be- kept at the ordi-' 
nary temperature in this form far on indefinite length of time, an^ 
mBDj other moditicBtionB of sulphur pass into thisforni after being left; 
tor a certain time at ordiiiiLry temperature. 

If sulphur be melted and then slightly cooled, so that it forms %-, 
crust on the surface and over the sides of the crucible, while the| 
interaal moss remains liquid, then the sulphur takes another crystai-l 
line form ss it solidifies. This may be seen by breaking the crust, and 
pouring out the remaining molten iiulphur,' It ts then found that the 
sides of the crucible are covered with prifiintie (rn/nlaJi of the mono-, 
clinic system ; they have a totally diSerent appearance from the above- 
described crystals of rhombic sulphur. The prismatic crystals axe 
brown, transparent, and less dense ihau the crystJUb of rhombio 
sulphur, thiir specific gravKy being only 1*93, and their melting point 
higher — about 120°. These crystals of sulphur caiTflot be kept at 
the ordinary temperature, which is indeed evident from tbo fiwt that 
in time they turn yellow ; the specific gravity also changes, and they 
pass completely into the ordinary modification. This is aecornpaiiied 
by a considerable development of heat, so that the temperature of the 
moss may rise 12°. Thus sulphur is ijtn 
two crystalline forms, and in both forui: 
properties. However, po chegnical r 
guisb the two modifications of sulphui 
tinguisbing aragonile from calcspar.^ 

If molten sulphur be heated to 158° it loses its mobility and 
becomes thick and very dark -coloured, su that the crucible in which it 
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lbs IcDipattnre rJHi to 0° II ■ pnim>lia erjsUI ol mlphar be (hiaim islo ran br&ncli 
ol thd V tub* oonlilnuig thg Ii<|iild tuliihnr at IDO", und u actthtinl cr7tti1 ha thrown 
iulu tba othar bnnch, then, u 0«niCB ihowed, Uw sulpbur in euh brucfa will crjst^ 
bH ia tba oorraipoiiding toirn, and both forma in obt^ned U the ttsat tsmpentnn: 
tfaflrflfara it ii not tha infloanco of tempeniture only which caa*ea tho motacola* of 
■nlpboi to diitiibata thsmMlna in one or uiothar Ions, but alio Iha inBnanM ol tb* ' 
cryHliOLiia put* tlrtlAj [ornied. Thi* phanomenon 1> ciuntiaUr annIi^Dua lo Ow 
phauomaDi ol iiipaiMtuHtad aolntioa*. 
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is hented may be inverted without the "ulphur. running ost. Wb«B 
beated above thia tempernttire the sulphur again becamea lifjnid, u«d 
«t 350° it is very mohiie, although it does not Kqiiirc its original 
colour, and at 410° it boils. These moditicotioas in the propertiet of 
auljihur depend not only on the variatiouB oE tenipersture, but kIso on 
a change of structure. If sulphur, heated U about S50% bo poured in 
a tbin stream into cold water, it <ioes not solidttj into a solid raaa. bat 
retains its brown colour and rcniaint tofi, may be strolchod out int« 
threads, and is elastic, like guttapiircha. But in this soft aod dactila 
state, also, it docs not remain for a lung time. After the lapae of a 
certain period this soft transparent sulphur hardens, becomes ap»qa«^ 
passes into the ordinary yellow uiodification of sulphur, and in bo doing 
develops heat, juat as in the coiiveraion'of the prisniBtic into the oola- 
hcdrol variety. The soft sulphur is characterised by the fact that a 
certain portion of it is insoluble in carbon bisulphide. When soft sul- 
phur is immersed in this Uiiuid, only a portion tit common BolphBr 
passes into solutioi), whilst a certain portion is quite inaolubl* and 
remains so tor a long time. The maximum proportion of insolabla 
sulphur is obtained by heating slightly above ITO'. It melts at 1 14' 
An exactly similar iruolulile amorpkout mlpliur^ is obtained ior oertAin 
reactions in the wet way, when sulphur separates out from sulotions. 
Thus sodium thiosulphste, Na^SgOj, when treated with acids, giTM * 
precipitate of sulphur, which is insoluble in carbon bisulphide. Tba 
action of water on sulphur chloride also gives a stmilELT modificatiOD ot 
sulphur. Certain sulphides, when treated with nitric acid, itlao yidd 
sulphur in this form.'" 

1° A ccitein kBonbt ol iniolable lalpbar rcnwini lor ■ krog (iau w tha nM> at mA 
■olphar, chuiging into the ordiiur; Tuitlji, Fnitilj'-Dcxiled »ft (nlphni owitoiiM rieol 
^AA'third of iaaotubTa saLpbur, mnd after the lapH of two yeui U utill CQii taia» ^loai 
It p,c, Floiien ol (olpbor, obttinsd b; th* npid condanutioD of wIphDr tram t itata 
of TipoDi. ■JHcaBUini&certaliiunoiiDl of ioulubte •nlphur. Bafidln ditltlUi Mtd 
COTideTUrJ nlphuT alto conUium hiub iiuoloble aulpbor. Beoce • cstt«ln UMaat of 
[nwilable lulijiiu iifrequBotlj found in toll lalphnr. Tha ulioD of light on aiolnliaa 
of tDlphot convsrta ■ MrUin portiati iulo Iha iuwluble modiAolion. lawlubl* laltitg 
ii of ■ l^btaT colonc tfau tbg ocdinu^ larivljr. It ii b«t pHptni by vapotUoc mOJ/im 
in ■ itntm of oubonio >Dta7dride, bydnKhloric noid, Ao, Knd ooIlMtiag tfa* rapnoi la 
eold Vktsr. Wlwn aondoDHd in Ihij mumai it ii Deut; lU iDtolDbU In auham Unl, 
phida. It tban hw Uh form of hollow apbanidi. ud i* Ihanfara Ughut Ibw Ih* 
MnuaoB vuiatj; up. gt. 1-83, An idu of tha modiScationt taking pUea la aalplut 
batirMn 110° >Jid 1G0° nw; be fumiad (roni tba fut that at 1M° liijsid rOl^ar haa a 
eoelEotciit of apuuiDO of abont 0«009, vhilal botwaen 150° and liSiy 11 ia l<B Ikaa 
<HWI». 

E>igvMllWt),b7 daconpoaiDgataluratadaolnliaii of brpoaalpluUol •sdiaafHoUSQ 
wiUi HCl Id Ibecold (Ibe aalpbor i> »ut prKipiUlxl diracUyin Uiii uh), obtaJwd, altw 
alialniig ap with chlorafarui and avaparatioii,K7(lalt of ■nlphiir |ip. gr. a-IM), KUih, lAw 
•awal bonn. puaad into tha inialubla (in CSJ atato, aJid in k doing bacoBM tfifM, 
udltHnaaadlniolama. But if aaiituraof tolatton of 14aiS,0i*^ HQ bssUttnaitt 
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At temperatttres at 440° to TOO" the vapour density of sulphur is 
6'6 referred to air — i.e. about 9S referred to hydrogen. Hence, at 
these temperatares tit* iixolecide of siilp/mr amlain^ tir atonu; it has 
the composition S^. The agreenieut Ijetweeo the observations of Dumas, 
Mitsclicrlich, Bineau, and Deville confirios the accuracy of this result.. 
But in this respect the properties of sulphur were found to be varial>le. 
When he&ted to higher temperatures, tliat ia to say, abow 800°, the 
vapour density of sulphur is found to b« one-third of this quantity, i.e. 
*bont 33 referred to hydrogen. At this 'teraperatura th« molecule of 
ttdpfmr, like that of hydrogen, oxygea. nitrogen, and chlorine, corUaitu 
itao atomt ; hence the molecular foruula is then 8,. This variation in 
the vapour density of sulphur evidently corresponds "with a polyraerio 
modiScatioD, and may be likened to the transformation of ozone, O,, 
into oxygen, O,, or. better still, of benzene, CgH^, into acetylene, 
C,H,.i' 

■buul, It depoiUta (nlphnr, which, «ltor Haffidcni wvdjiTjg. i* thlt to, diuolvv in Vbter 
(lOiB thasotlwi] vuietiei <A the metiillio talpbidcrm lUDniltift, buroo, ud lilver), bat Ihia 
.colloid (olufian a/iuIpAur nooa dupoait* laliihut mulobla in GS). 

When ft KlDlion of •ulpbanttod hjidrogBu in viter i> dtoomiiosfld b; ui el«lrie 
DDRUt the ealphor it depoiilcd on the poiitive pole, mid hu tbentota u aleotro- 
negklim chuikctei, und this lalphor is Bolnble in nrbon bimtlphide. When • »luti«i 
of Hilphuraiu kcid \» AKatapaaoA in the auoa muuiar, tha Aolphar i« depoiited on the 
ne^tivtt pole, uid » LhereTere eleotro-pOBitivfl, and the aulphar to depoflited in meolublB 
in CArbon biealphide. The aiilphaT which ia combined with metali muet h«Te the pro- 
p«rtie> of (he ealphnr contftined ia eulpbaretted hydrogen, whilet the Hatphor ODmbiji«d 
with chJDcina it like thtt which is combinad wiUl DiytjCn in mlphutaDS uihjdridg. 
Henea BdrthrOot ncflgniiaH ths-prflBAtica of ulnbte ■ulphur in metHUic ftttlplu'de*, uid of 
the iruoluble uodiSdaUon of tuorplunia bulpliur in julphur chloridfl, C1d«i eboved th&t 
the Bulphiir precipitated froia eolotiooi is cither eoJable or ioiioiablD, According to 
whallwT it Hip««teii from Ha ulluline at uid aolution. II inlphut be melted with 
ft aoftll qnftDlitj of iodine or bnunine, then an poniing ODt (he molten RiftH it iDrmi 

evboa bienlphide. This ia tftkm ftdvutage of in cuting csrUin iftielea in aolphur, 
which by Ihii meftu Tetftin their tenftcit; for ■ long time; for sample, the diKi of 



<> Hen, however, it ii very imporluit to reioBrk that both be;inne ftod aeetjriena 
cftn exist at the ordinary temperature, tvhilKt the lulphui molecule S^ onlj axLiCa at high 
temprraturaa; atid 1' thta anlphur be allowed to oool, it pauea£nt into 8^ and then into 
ft liquid ■lal*. Vera it pouiUo to have anlphur at the ordlnaty tempetatun in both the 
above modiflcstiona, thun in aU probabiiitr the enlpl^nr in the itala 8^ v»uld pretent 
totally diflerent propectie* (rom IhoH which it hu in the fnna B,, Juat u the propertla* 
ol Kftieane acelylna are far from being limilar to theee of liqnid beueDe, Sulphnr, in 
the lona of %,, a probably a >nbitan«i which boili at a mnch lower tcmpemtnre than 
the tftiiaty with which wo a» now dealing. Patemo and Naeini IIHBS). [oUowing the 
mi>thod ol dfipnsilinn or fall of the freoing-point in a benune •olntion, found that tha 
molocole^f anlphur in aolntion contain! S,. 

One mnat here caJl attention to the lact that eulphur, urilh aU ita iinalogj to 
oiygau (which alio ihowi ituU in ita [acult> to gi\t Iha modiScatioa 3,), ia alao abla 

g« conipoDnde do ol exygao. Tboa, toi iaitanca, componade of S atomi of tulpbnr with 




SOS PRIKCTPLEa OF CHEmSTEt 

Iniufaadtyfer eambinalion, aulphar most closely reaerables o^gen 
ftnd chlorice ; like thom, it combines with oenrly all etemenU, with 
the development oE beat aud light, forming sulphur compounds, bnt 
as a rule this only tSikes place at a high temperature. At tbo ordinary 
teiuper&turG it does not enter into reactions, owing, amonj^ other 
things, to the tact that it is a solid. Id a molten state it acts on moat 
metals and on the halogens. It burns in air at about 300", and <ntb 
carbon at a red heat, but it does not combine with nitrt^en. 

Fine wires, or the powders of the greater number of mMals. bum ia 
the vapour of sulphur. The direct combination of hydrof^o with sul- 
phur is restricted by a limit — that is. at a gii'en temperature and ooider 
Other given conditions it does not procoml unr«strict«l]y , there ia a6 
explosioa or recalescence. Sulphuretted liydrogeu. H^S, decomposes at 
its temperature of combination— that is, it is easily dissociated.'* Tbe 
same pbenomenon is repeated here as with water, except that the tem- 
peratures at which the attraction of hydrogen for sulphur begins and 
much lower than in the case of oxygen and hydrogen. Tha 
temperature at which combination takea place is here, as in many oilier 
instances, nearly the same as that at which dissociation b^ns. Hones 
tuljJturelltd hydrogim is formed in a small quantity by the direct 
ignition of a mixture of the vapour of sulphur and hydVogen. How- 
tbe temperature must not be high, because otherwise the vIk^ 
of thesnlpburettcd hydrogen is decomposed ; but at lower temperstorM 
a small amount of sulphuretted hydrogen is formed by direct combio*- 
lion.'* Sulphuretted hydrogen however, like all other hydrogen oom- 

rKanHDitti oifgan anlr BtOg ii Tnrm, On fnrj 

funltj tin Uu DDion o[ 4 giHto nunbn at atMM 

lana ol ottoM. O,, m lEfj BUUbU. Iba MabU lofB 

itli(iilphara,ialhsi>>blatann,uid S,i>«iwiidiiigljDuUbl*. FortfaOT- 

HnUE Uut inlphnr (JTina higiMr d«i;rai d( oiiditiaii, BtSOi, MfnaFOoA- 

*iUiil>eaniplflTV)nipfwibiori,if wvifuppoHihsiiD S^Foor alonu <AvQifbat 

Tc|ilif Ml b; OTjtun uid una b]r iiTD UamBol brdrogBn. Tbe rutiDuliB at ita amiKiiuids, 

KjSO,. K,8,0i. EiS,, B«8,, uid mUT otlwn, bare no analoguat UDong Uu compiHuill 

ol Mj-ecn. Tbfj all CBITBipiwd vilh tha fom S, (ooe portlan of Iha anlplifa bittg 

T«pUced bjr oift^oa aad aooUvr by mvtali). *bicb ia not adaliwd bj fftTSon. Id iUa 

facvlti of pu]phuT to hold mad)' atDHiii of otiier feabttaooea Ibo iams Cpma appaar wkMb 

oaUM) vui;r Btomi of tulphor to fntia ons «oni|ilvi molatmlfl. 

! pDtHUOin mlphid^ K,3 (Ibat it, In Iha eoDbisatios of M 

parti if intuaiDin). aboul lOO tbosiaad haat oniti ua data- 

Tfeari; ■• ■ODc'i but ii devtlopeil in tha combinatloa ol u eqniTalanl qaantitj 

of ■odium; about M thousand boat DDiUin Lha fotnaticn of eaiddm or itronUum lal- 

■olphiila, and about K Iboaiaiiil tin iron, 

lickel mlphide. I«» had ia tidlnA ia tha conbijHliaii of (alpbnr with 

aoppar, laad, and bUyar. AoeArding to ThomBan. aulphtif daTolopa haat with hfdngaa 

iBUlDtieBa. Tbi naEtiOB l-,Aq,H^8 - ll^SSO ealorwu. Bgl, a> li« naotioB 1,*B|+A4 

Angara M.U1 nlonaa, it foiloia that tha nacUoB H, + B dsnlopa i,tll oalorisa. 

~ hMtad saailj to iM boOlnc psiat, W 
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pounds, inny be easily obtained by the double dccompositi 
spending metollic compounds, the replacement of the metal by hydrogen 
being effected by the action o[ acids od the sulphides. The tnetallic buI- 
phides are, as a rule, easil;f foruied. A sulphide, when mixed with a non- 
vulatile acid, may give, by double decomposition, a Bait of the acid taken 
and Buipburetted hydrogen, M,S + H,S04 = HjS + M^0j. However, it 
U not all sulphides noraolutiona of all acids that will evolve sulphuretted 
hydrogen, which fact ii exceedingly characteristic, because, for example, 
all carbonates evolve carbonic anhydride when treated with any acid. 
Sulphuric acid will only evolve sulphuretted hydrogen from those sul- 
phides which contain a metal cupable of decomposing the acid with the 
evolution of hydrogen. Thus zinc, iron, calcium, magnesium, manganese, 
potoaiium, sodium, Jic, -fonii Hulphides which evolve sulphuretted 
hydrogen when treated with sulphuric acid, and the metaU themselvea 
evolve hydrogen with acids." The sulphides of those metals which do 
not liberate hydrogen from acids do not generally act on acids — that is, 



q, drop by diop (froi 



ooel with ■ Hopcockl ol h™vj (frB) 
IowcmJ by a regular BTaLulicib of tnJ- 

hjdrabramii] or h)dnadia uid i> than (armed (Cfaapler XI.) 



I 



LidaO thowed, the ulditio 

niphUu oil IdI lubrkalJD 

phurrtWd hydrogen. Thi 

ud other oils, beoft' 

A uerUTd amoniital hydrogen inlphidf 

■< Howerer.tha mttttt it rMllynoch more BOmpliCKted. Thoaii] 
■Dlpfauretted fajdn^o with eulphaho or hjidniahloric Acidf, but doei not reect with 
ftcetio kcid uid ia OKidiied b; uitriobnd. Perroai lolphide epolTeeiulpltitrettcd bjdio- 
gMvlUi uidi. ohUitlbe binilpblde, FeSi.do«i<>aC reutnilh uidi o( ordiur? itrHigth. 
Thii Bb«nce ol ulion dcpendi. uutDg other Uiiiigi, OD iiut tana in which tha uiiliTS 
Iron pjriLei occnn ; il ii k cryitAlUne, compwst, uh] verr denH tnbiUDce -. ■ 
gsDenl nut with great diffleolli dp aoch meUUic sulphidei. Thii Ii lecii Tery cluriy 
in the CMC ol bqc ■olphide : if tbii ■DhaUnce ii obuined by doable decosipoiltiou, it 
■cpafatot u a white precipitate, which eralvei talpboretted faydragen with grai e*e» 

with inlphnr, but native cine aulphidd — which occun in compact Jne«e* of aino blende, 
u>d bu a metallie Initre— ii not d«umpoud or Karoaly dgcampoHd by lUlphiirii! aeld. 

acid* dependi on the action al water, and i> ihown in the (act thai the Ktian variee 
with ditToTfDt degrc^e of dilution or propotUon ot wal«r pteHint- Tho beat kaowD 
•umpla at thii ia antimoniaiB aolphide, Sb^S^, lar strong hydroublorio aei 
iug not note water than comeponda with Ha,aH,0. ereo deeompoasa pi 
moiiy glance, with evolution of oulpbarelted hydrogiMi, whilat dilute acid haa 
■nd in the pteaeww ot an eioeu of water the reaction aSbCli t SU,3 ■■ ab,8, * <HCi 
oeoBH, wliilit in the preaeOM ol a email amoDnt oF water Die roacliOD prouedi in 
oacUy the appoaila djiaction. Here the participation ol water ia the reaction and iM 
■fllnity are evident. 

The taeti that lead aulphide ii iniolubU in acidi, that line id! 
hydrocbloria acid bat Inaolnble in acetic wid, tliat calcium inlpliide i 
by earbonie aeid, ^c. — all Iheae peculiajitiea of the aDlpbidea are in comiation 
amoant ol hut evolved in the reaction of the oiid« with hydrogen anlphida i 
a>'idj. a« !• aecn tiwn the obaanatioDa at Fa>re and Silberman, and from the son . 
made by Berthelot in the Prooeedingi of Iha.Parii Academy ol BeieDOeB, IBTO, to whiob 
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do nob form Butphurettod hydrogen witti them ; sucti are, for exampkfl 
the sulphides of leul, silver, copper, mercury, tin, tkc. Therefore, the 
modus operawJi of the foroiBtion of sulphuretted bydrogen by tbe actioo 
of acida on roeUllic sulphides may be looked on as a pbcDomenon of the 
conibinatioii of Ijydro^n, uC the moment of its evolution, with the sul- 
phur, which is combined with the metal. Such a representation is kJl 
1 simple at all the circumsUnces under which sulphuretted 
hydrogen is formed are exactly simiUr CO the conditions of the forma- 
tion of hydrogen itself. Thus the usual mode of preparing sulphuretted 
hydrogen is by the o^lbn of xtiipliuric acid on firrovt taljiJtidt, in 
which the same apparatus and method are employed as ia tho prepiLra* 
lion of hydrogen, only replacing the metallic iron or zinc by ferrous 
sulphide or uuc sulphide. The reaction between suljihide of iron and 
sulphuric acid takes place at the ordinary temperature, and is accom- 
panied by just as small a dei'elopment of beat as in the liberation of 
hydrogen itself, F^-^H,SO,=FeSO,-^■H,S." 

In iiaitirt salphurctted hydrogen is formed in many waya The 
moat usual mode of i(s formation is by the decompOGition of •Jbn- 
s substances containing sulphur, as mtmtioned above. Asothw 
method is by the reducing action of organic matter on sulphatM^ 
and by the action of water and carbonic acid on the sulphidea formed 
by this reduction. Volcanic eruptions are a third source of sulphuretted 
hydrogen in nature Although sulphnr«ttod hydrogen is formed in 

II quantities evei^where, it nevertheless soon disappears from tha 
atmo£phere,owiDg to its being cosily decomposed by oxidising Sigencie*. 
Many mineml waters contain sulphuretted hydrogen, and smell of it ; 
they are called 'sulphur waters.' 

Sulphuretted hydrogen, at the ordinary temperature, is a colourleu 
goa, having a a very unpleasant odour. It bos, as its composition VJi 
shows, a specific gravity seventeen time* greater than hydrugen, aad 

'> FtrroHi mtptiidt ii lonaei b; faMlini ■ plect of iron to u inepint wh!ls ha^ 
and diBu nmnving it (nn ttaa lornnce and brinipiig iltuitu gontul with ■ jiam «l 
nlphar. CombinatioD than procwdi, kc«inpuiiid by Iha davBlopniBnt of hosl, md Um 
I fulphlds lomwd Iusl Th> nlpUidii of icon thai hsmwl it ■ bWli. maOf- 
rmitilg •ub•t4^o^ IuwIdIiU in wtUr. Vn»D dugp it Mtnda oifgea tron Uu Ob, and 
liranT«n(diDts«M«iTitrw1,F>30,. U^Uia iron doc* netocnabinawilh Ihaiatpter 
iBUi«ineUiaddeKribad(baTa,dMutiono( nlpharlo uid mO cnlnbydntn uwd 
St hTiInxan snlpbida. 

W* triU Dol dauribs thi, dotwla of Iha inparation ol ulphorM^ hftafM 
•mploTcd u ■ rcngsut'ia ths tUwralutj, bir*BH, in Iha Bnl plua. Uu aslliBdi aM 
•aHiil[aU;t Ili° una u in Iha pnpuiUun oT h}'drogi-fl, and, in the SMOnd |faM, t wiw 
(h« tppmslni and insthada amployod am alwaT* daasibed In tail-booki a( imljUral 

liilrr, PaTTooi nlphida Ruy ba ulTanUfMOiIf rsphced b; ulcivn Mlfbid* or K 

miitnn el caleimn and ai>ensiium nlpbldea. A aolDUon of magnMiom hjdnmlfhit^ 

Ug8,H,S, ■• .et7 «niTan>ent, ai at <W> It avolvaa a itoMm gt pan bjingK 

.•te, CDn>i<tlng of CuS oitli eryilali ol MiCt, and -niar, bbt alao b* a 

obIj etolvn H,S wben^htaVrf (Habirniannj, 
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therefore it is loiitewbat heavier than air. Sulphuretted hydrogen ligue- 
j!(s at about —74°, and at the ordinary temperature when subjected lok 
pressure of 10 to 15 atmosphereB ; at -85° il ia converted into a solid 
crystalline inass,'^''!. The easy liquefaction of sulpliuretlcd hydrogen 
is evidently allied to its solubility. One volume of water at 0° dis- 
solves 4-37 volumes of sulphuretted hydrogen, at 10° 3*58 volumes, 
and at 20^ 2*9 volumes.'* The solutions impart a very feeble red 
coloration to litmus paper. This gas is poisonous. One fiai-t in fiftaea 
hundred parts of air will kill birds. Mamiualia die in an atmosphere 
containing <jt„ of this gas. 

Sulphuretted hydrogen is very easily decomposed into its componeDt 
parts by the action of heat or a series of electrio sparki.. Hence it is 
not surprising that sulphuretted hydrogen undergoes ahaogo under the 
action of many substances having a considerable affinity for hydrogen 
and vxygen. Very msiny metals " evolve hydrogen with sulphuretted 
hydrogen, so that in this respect it pre^nts the property of an acid ; for 
instnnce, 3H^ + 8d=2H] + SoS]. This may be taken advautHge of for 
determining the composition of sulphuretted hydrogen, Itecause a giveu 
volume then leaves the same volume of hydrogen. On the other hand, 
oxygen," chlorine," and even iodine decompose sulphuretted hydrogen. 






mlphdi. 



hjidrcgsn poly*ulphidii, * 



. II IK 



tot Iha 1i<iuefiwlian of bnmianiK (ClupbAr V].], tha hjdrogsD polyanlpbide ii docompoHd 
by h«t, ill Uie pteuncs of wsMr, into lulphor uid mtpbarelled hydrogan, vhicb om- 
d*nu* in tba cold vnd ol Ihe tubs inlo > coJourlnu liquid. 

'* ^olplmratled hydrogen ii HtilL more soluble iu aJwho] thui in wftl«r; dm volonia 

tioj^ii in HAier knd jOcohol nodergo chuige, eip*d*Uy in op«D Tenalt. owing to Ihe fact 
that tlM vtXtt BOd ftlcohol diuulve Diygfn frDm lbs •liiuia|ih«re, ifhicli. acting Da Iha 
■nll^iiretled faydrogeD. foma wnter uid lulphur. The Kilation mtj te » iJtered ia 
ihil mJLnncr LhiLt every tr»ce ol AnlpburvtUnl hydrogen diuppeui. SoIoliaDi of aol- 
phareited hydrogen in glycerine chuif^ much more filowrly, and maytherefon be kept tor 
a long lime u ntffat^ Do Foiemd obUined > bydnte. H,3,I6H,0, leHmbbng tba 
ttjitUa giiaD hy muy gue*. 

I' Borne m«(a]i etolve hydrogen Imm lulphoretled hydrogen at the ardinary ton- 
pFratnriT. Fdt eiimple, (he light mctuJi, and copper and lilver (eapecially wjlh tba 
aeoMaolairf) among the heavy tneUla Henu article! nudaol rilver tarn bind) in Iha 
prearnce of rapoon containing ftulphuretled bydrogfld, becaow ailver Kulphide is black. 
Zinc and cadmium uzt at a rod heat, bul not completely. 

^* If BalpharetM^ bydrogBii Hcapei from a 6ne oriAcv into the alt, it will boni wban 
lighted, and be ttanilDnned into salphDroui anhydride and water. Bo( il it hnraa ia a 
limited Mpplyol air— tor inelancs, when acyliDdcriaGlled with it and Ught^—Um only 
the hydrogen bunu, which baa. judging Irani the amannt of beat developed in ita ecm; 
bailien and from all its praperll», a greater affinity lor aiytioii Uian ■DlphDr, la this 
(aspect the osmbDitlaa ol mltihuteKed byilrogen reumblea that oI hydrocarhoDS, 

<■ Hence Ueacbing pDOder and chlorine deilroy the diugneablD iniEll of nil- 
pharettad h yfaigai. (Fei tbo i«aetioii ol hydregsn aalptuda and iodiD*,«M Chapter 
XI.P.SIMJ 
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the hydrogen from it and leaviog free nlphnr, so tluU in 
this reactioQ the salphur is replaced l>j the above-named elements ; for 
eiBJople, H,S-i-Br,=SKBr4-S. Tn no other hydrogen compound is 
it so tasj to show the substiCulioa, both of hydrogen and o( the ele- 
ment combined with it, as in hydrogen sulphide. This clearly proves 
the feeble union between the elements formiog this gas. Compound* 
containing a considerable amount of oxygen, with which they easily 
part, can accomplieh the separation of the sulphur very easily. Sndi 
are, for instance, nitraos acid, chromic acid, and even ferric oxide and 
the higher oxides like it. Thus, if sulphuretted hydrogen be paned 
into a solution of chromic acid or an acid solution of ferric oKide, 
water is formed, and the nilp/mr m leptxralrd in a frt€ State. Thus, 
miphuretted hydrogen acts as a redueing agent, in virtue of the hydro- 
gen it contains. Salts of iodic, chlorous, chloric, and other acids iiro 
reduced by sulphuretted hydrogen, their oxygen acting mainly on its 
hydrogen , but in the presence of aa exc^s of a powerful oxidising 
agent a portion of the sulphur may also be oxidised to sulphurous 
anhydride. The reducing action of sulphuretted hydrogen is frequently 
applied in chemical manipulations for the preparation of lower oxides, 
and (or the conversion of certain oxygen compounds into hydrogen 
compounds , thus, the higher oxides of nitrogen are converted into 
ammonia by it, and in the presence of alkalii the nitro-compoundi Rr« 
converted into amraonia derivatives. The reaction of sulphurett«d 
hydrogen on sulphurous anhydride belongs to this class of pheno- 
mena, the chief products o[ which aresnlphur and water. 2H,S4-80, 
s=2H,0+8j, 

The acid character of sulphuretted hydrogen is clearly seen in it« 
action on alkalis and aaltG."*^* Thus lead oxide and its salts in 
the prcAence of sulphuretted hydrogen form water or an acid, and eol- 
phide of lead . PbX,^-HjS = PbS + 2HX. This reaction take* place 
even in the presence of powerful acids, because lead sulphide is one of 
those sulphides which are unacted on by acids, nnd in solutioaa the 
reaction is a complete one. This reaction is taken advantage of for 
the preparation of many acids, by tirst converting into a lead salt, and 
then submitting this salt to the action o( sulphuretted hydrogen. For 
example, lead formate with sulphuretted hydrogen gives formic acid. 
Sulphuretted hydrogen in acting on a number of metallic acid subatoiMM 
in solution or in an anhydrous state also forms corresponding sulphates ; 
(1) if it does not reduce the acid ; (2) it the sulphur compound corre- 
sponding witli the anhydride of the acid be insoluble in water, th* 
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t«aoti(ui proceeds in solutions , (3) if the (ulphuratted hydrogeu <uid the 
ftdd taken do not come in contact with an alkali, on which they would 
be able to act firet ; and (4) i( the sulphur compound be not decomposed 
by water. Thus solutions of arseniouB acid give a precipitate of 
araeniouB salphide, Aa,S], with sulphoretted hjdrogen. This reaotioal 
proceeds not only in the presence of water, but also of acids, because 
the latter do not decompose the resultant sulphur compounds. The 
type of the decomposition is the sAine as with bo^M^lhat is, the 
aolplmr and onygea change places : RO. + nHi^= RS, + nUfi. Some 
•nlphidee corresponding with acid anhydrides are decomposed by 
«ater, and therefore are not formed in the presence of water. Such, 
for example, are the sulphides of phoephoros.'^ 

The inetsllic sulphides corresponding with the metivllic oxides 
tiave uther a feeble alkaline or a feeble acid character, according to 
the ohftracter of the corresponding oxide, and thereforu by combining 

*> Th* mlpluda P48 U oliWocd bj ODliawly foung tlu nqnliiM propurtiani at 
ttimmoii plioKphonu tnd inlpliur under mtc: ilii (liquid vfaich solidiflo >1 a°,uid 
■Bujtiedf>taiedinlhanlDndrrg(Hngchnng*,birtit iDDiciiH ilr >rd uiil} takH On. The 
bifhw tolphidt, P,a, hu limilu- |iig|*rUs>. Bat lilUa Imt i> (folTid ia (ha iDmuUoa 
of Uhh (wmpaunda, uid it nuj b* tupposed ttut Uie; ua lormcd b; the diiect eon)iuHi- 
Una of whols oioIscbIvi of photiihoruB imd inlphur; but if the praportion at >u]pbDrba 
iiMmued. Uis ruction it sccompsrisd b; w condderabla » riM of Umpuntiin tb»l Ui 
•I^Otion taku plscc, and fet Iba Hks of ufetj red phupbon.! moil ba uued, miisd 
M iutiiutuly u poiaiblii with powdcied •ulphutuid bunted in in ■Unoipheic of cwbonlo 
Mibjdrids. Tb< bigber cumpniiuela m deqnmpo««d by wkU). By iniTeufng UM|Ha- 
psitisD of nilphar. the fDlloning Mnipoandt bnTe been obtained : P]S, up: 
•lISt<>,IUbt),iolnblain«rbonbiiiilphid*.vidin>iUUT<dbT airandnlei; 
truulpMdt, P,a„ii the uiUogue ut P,Oj; il it % liyht rellaw cryiUlline eompoond 
only (lighlly tolublt iu CErbon binulpliidr, IumIiIq uid lolilile, decompoHd into hydro- 
sen inlpluds uid pboaphunniB arid by viter. imd, Uka the highat compoiuld ol 
(Dlpbqt aad i^xwpbanu, P^. H fomu Ihio-talU with potueiniD >ulphids.As. This 
piatpkonafealaiHlphiiJl mrreipoDdi with phoaphoric enbydlidai like tbetriinlpludtit 
cicea hydngen ndphide uid phoiphoric ocid with ui eiosH of vulcr. It ro 
r«p«l> tike phot^jwiia chlorida. Tbe aulphide PS, la alao bum ; the rj 
of Ihta ccanpoand leaiiu lo indicate a molainilB PjS^ 

P^ifhona iidptuKhloride, P8C1,, eoireapood* with phoaphami 
a coloDiltat. pleaaat-Rnelliug Uqnid, boiling at 1M°, and of <p. gi. IBS : it rams* in au 
and i> deoompmed by iraler; PSCl, -t tH,O=PH,0. t H^*SBCL It ii oblaiMd 
whaa phoaphoric chloride il tnuiled inth hydrogen lulphida, hydronhlorio acid bebg alao 
formed ; it ii al» prodaced by the Hstion of phoaphoric chloride on cerlun nilphidaa— liv 
«umplp, OB anbnuiDiDD* nlphide, alio hy the Icaatioai) action cd pbotphonu on aolphnr 
chloride: iP * SS,CI, - aPSCI, « tS, by the action olPCIi upon certain anlpbidei, lor 
Ataifl pl«.Sb,S„ by tbe reaction :SMa-tP^l-P8Cl]*H^S,(Glatie].laRS), and in Iha 
raution SPCI, * SOCl, = PCU + POClj ■• PSQj, aboiring the reducing action of pboa- 
phona Uichlanda, >hi«h it eapecially elekr in the reaction SO, * PP] " SO, * POGU. 
Thorpe and ItcdgM' (IBW), by Iwating SPhF, or BiF, with phoaphortis pnitaaDlpluda 
(and ai« by keUiBg AaF, and PSCI, lo 1U°). obt^ned thiopfaoaphoryl fluoride »»■ 
colouileaa, ipontaneonaly inltamniable gai Iwi farther on, NoCa T4 bia. and ~ 
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together they are able to form saline, aubatances— ihat is, uilta in 
which the oxygen ia repinced by sulphur. Thus aulphOretted hydrogea 
having the properlies of a feeble acid *' has, at the same time, tha 
properties of water, and forms the type of the sulphur derivatives, 
which may also be formed by means of sulphuretted hydrogen, just as 
the oxides may be formed by the aid of water. But as sulphuretted 
hydrogen has acid properties, it combines more easily with the basic 
metallic sulphides. Hence, for instance, there exists a compound 
of sulphuretted hydrogen with potassium sulphide, potassium hydro 
Butphide, 2KHS = K,8-|-H,S, just as there are potassium hydroxides ; 
but there are scarcely any compounds of sulphuretted hydrogen with 
the sulphides corresponding with acids. Thus the sulphides of the 
metala may be regarded either as salts of sulphuretted hydrogen or •• 
oxides of the metAls in which the oxygen is replaced by sulphur. In 
general terms the sulphides exhibit the same degrees of difference with 
respect to their solubility in water as do the oxides. Thus the oxides of 
the alkali metals, and of some of the metals of the altculine earths, ar« 
soluble in water, whilst those of nearly all the other met«U Are incolubia. 
The same may be said as to the sulphides ; the sulphides of the metAls 
of the alkalis and certain of the alkaline earths are soluble in wal«r, 
whilnt those of the other metals are insoluble. Those metals, like alu- 
miiuum, whose oxides— for example, A1,0, — have intermediate pro- 
pei-ties and do not form compounds with feeble acids, at least ia » 
wet way, also do not form sulphides by this method, although these 
may be obtained indirectly. And in general the sulphides of the met«U 
&re eawly formed in a wet way, and with particular ease it thay.are 

" Sulpliuretud hydiogeu doea not Hltmla ibi> alknlioe propenici ol MtiS 
hydmvidda, u tliAi a Bolution of pot^Bflinni h^droildfi will Dot midei uiy cLrcui»il4iieAft 
give B ueulral liquiil with lulpfaDnttad hrdrogm. In thia um tlui tulptiunllad 
hydrogaD fonna is aolDlion onll on Mid aitt vith tba potaatium: KBO i H,S 
" KHS +H]0. It mail b« luppoied that Ihs nomial lalt ia not foTniBd in lh> whitl«B 
—Ihit ii, that the reaction 9KH0 1- H,8 - K,S * IIH^O doci not tike plue. Thia n 
a«n Irom the fact that * davalspment ot hMt, depending on the lormatioa ol poUiniDB 
hjrdniBnlphide. KHS. i> ismailied when ai mscfa hj-drogen tolphide ia paaaid bto m 
aolulido dI polaaaiiuD hrdniide aa il will abaorb. But if a turthai qnaotttr ol poluaJBa 
hlidroiide b« added io the naulUnt lolaliDD. beat ii not demloped, wliilat i( aOali b* 
added to potiiiiaiii aoid aulphatd ov aodium acid earboiute.but i> deieloped. It nwi 
not be cundoded from thia that R,S ii a mouobaale neid. (or hen there ii a qoeiatloii oT th* 
decompoung action of wat«r npon KgSi K,Sand-B,0 in reacting on each othtr ahoald 
abaorb heat if the reaotim of KHS apon KHO avalrm faeaL Furthensore, it mnit b* 
tiUioa lotA account that putauiom oiide, KgO. and the anhydmoa oitdei lika il, alao d» 
not eiiat in lolntions, for wheDBTei lliej are (omad thej iminediatiiljr caad wlUi thi 
watfli, torming canitio potaah. KHO, Ac, In the aane *ij, dlrecUj polatalnm anlphida, 
K,S, ii (omied in water it <■ deoompoaed into poUaainin hjdnnide and hj>dnmlphMsT 
K,a -I- H]0 - KHO + KHS. Potaaaiun nI^da,KAhi anliaitatoooiTMpiNidiwllh 
K|0, (Jthoagh oeilliBr can nlM in aoIntioD. 
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insoluble in water. In this cose their Balta enter into double deeom> 
position with sulphuretted hydrogen, or with soluble solpUides, aud 
give an insoluble sulphide — for instance, a salt of lead gives lead 
tulpbide with sulphuretted hTdi^gen. B; the action of sulphuretted 
hydrogen on a salt of a metal, a free aoid mast be formed besides tha. 
metallic- sulphide. Thus if a metal M be in a state of cotnbiiution 
MX^ then by the action of sulphuretted hydrogen there will be formed, 
besides MS," an acid 2HX, It is evident that sulphuretted hydrogen 
will not precipitate an insoluble sulphide from the salts oi Uiose meUls 
whose sulphides react with free acid, such as zinc, iron, manganese, fai. 
TliereactionF«Cli + H,S = FeS + 2HCl,andtha like, do not late place 
because the acid acts on the ferrous sulphide, Antimonious sulphide 
is not acted on bj dilute hydrochloric acid, but it is decomposed by 
strong acid, and therefore in presence of an excess of hydrochloric acid 
antjmonioas chloride does not entirely react with hydrogen sulphide, 
whilst the FMction SSbCl^+SHjSsSbgSj+eHCl is a complete one 
in a dilute solation and wit'h a small quantity of acid. Those metallio 
sulphides which are decomposed by acids may be obtained in a wet va; 
by the double decomposition of the salts of the metals, not with hydro- 
gen sulphide, but with soluble metallic sulphides, such as sulphide of 
ammonium or of potassium, because then do free acid is fanned, but a 
salt of the metal (potassium or ammonium) which was taken as a 
soluble sulphide. So. for example, FeCI, + K^ =FeS + 2KCI." 

■■ During iwant yews (bcginniiiK with Bebulie, tS8t) it hM been taaiA UulI mujr 
maUUiD ■ulphidai wluch »en coniidijied loUUf inuitDbts do, nadei cenain circnm- 
ituicfl*. fonn TB17 daatftbU solutiotiB id WhMr, *■ ulnaily iDflntLonvd in ChApUr L, 
ti<M ST. Anenifl lulphide !• \t!j ttOj obUinod id Uia lono ol ■ lalatioD (hydtOHt). 
Sglalkiai af copper uid cftdmlum anlphidei m»7 slw b? etailj obluned by precipLUCing 
Ibeir ulti CoX,, or CdX,, with umnDninm anlpbide, and wuhing the pncipiltu: bnt 
Uuj •" n-precipi(ated hj Ihs Bdaition ol torciEn ulli. 

" la mlily the pmcedini- reu:liau ihould be aipreHcd tboi- Fed, + 3KES 
- FaS •■ IKCl * H,8 (Notx 11). be«u» in tha preHnee of ntei not K,S bal EHB 
mtctL Bnt u the ■olphantwd hydrogen t^kat no put id the leution, it i> dh*1 to 
akpTvs the foniuktian of audxfuJphidai without t^iag tha hydmgm lulphida prooeadibg 
Irom Um potuiiora or unmoDium hjfdioBulphidei intouconnt. ItinnDluuuJ to araploj 

hydnHolphide— fn order to aroid the lomulipn ol • nan-vDlMila alt of poUuiam and to 
here, together with tha rorni&tion of the lalphide, ■ ult of UBmoniiaa which sui allieTe 
be dnVen «0 hj enponting the Klulion uid igniting the reudoe— for initinoa: 
Feci, * (NH,),S - Fa3 -*- 3KH,C]. Th» the melAllio aulphidei nuf be divided inta 
three ehiefcIuHi: (1| thoifolublainaater, |a| IhoK inioluhlt in teattr but reading 
vnlh aadt. ud (a) (hoit iiaoluble both in malcr vad acidi. The third oUu nu; b« 
euilj ntbdividad into (wo gniops: to the fint grogp bvloog thone sulphides which 
Gorraapond with biuea or besio oiidet, Had &ra theiefore unable to play the part of aD 
acid with the anipliidet oF the aUialia. anil are iniolnble in NH,US, wliiltt Ilie nilphidea 
of the aecood group are of an acid chaxacler, and gtve tuluble thio-udta srith the 
aolpbidea o( the ■lluliiu matala, ia which tbajr plcf the fan o( aa acid. Tn ihla prnp 
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Metallic sulphidea jany be obtained by majij other neanfi besides 
the acticm ot sulphuretted hydrogen on solte and oxides, or by tbo 
simple combination of luetala with sulphur whou heated or fused. That 
thoy may abo be formed by the reduction of Kulpliates by heating them 
with charcoal or other means. Charcual tohes up the oxygen from 
lunoy sulphates, leaving corresponding sulphides. Thux sodium sul- 
phate, Na^SOt, when heated with charcoal, fonus Eodium sulphide, 

belong thoBfl mtilalu whoaa conQApondLiig o:iidea biT« urid propertjei- < It mait b« 
DhMrvblt liowcver, that uot oJ] mstftlLo uidi have comtpoDdin^ Bolphidu, patilj 
otriog la the fut (h«t oerUJn uida mra nducibln bj lulpburellsd bjdi ogBii, e^iKiallf 
«hon tbur lowei degrco ol oiidition >n at ■ buio sbanotci. Such uu, Isr in*Uiii!«, 
tho licidi ttt cliromlum, mftngoncae, &tL Bulpbnretled hydrogan smTert* Uwa into 
lower oxidea. hiving thi [inipsrtiM of biut. ThoH bum which do not coinbiM with 
f«ebla uidh, BOflh &■ DuboniD acid and bjdrDgwi sulphide, givfl ■ predpitaie of hydniLida 
with luuDionmia sulphido— lor enmple, iJiimiiiiDin »lta luck is thii ataiMt. Thia 
difToreniMi ol tho tnBtBli in thnii b«haTioar toward* lalphDrettsd hydregsn giiM > vctj 
valuable ings.li) o( eepuating tbam bom etch othar, and U taken advanlagi e/ in 
analj/lical chtmUtry. If, tor instoncs, the metiU* of ths fint and thiid gronpt ocoQi 
togalber, it i> onI]> VKHtataij (4 oonTeit Ibein into toluble aait^, and la Mt on ths 
itulpharetted hydrogen; (his wiil precipilata tha netaliol Iba 



lliiri! group in 



f Bijpbidf 



nuthod of aBpantiog 
onalytieal dwmiitiy. and wa wOl Uierelore limit i 
imDn metob belong, snd thu 



Jh of the D»t group will not ba in 
metals ii considstad mors lallf i» 
!lvea here la [Kiinting out lo <rbioh 
hlch ii pioper to tha aalpbida 




Copper (bUck) 

"■ !T(bUlk| 

Cadmium (yalbw) 
\felaU Khich are precipitaUd bg ainnionium lulphidc Ii 
>t precipitated from acid nlntieub; anlphnietted lijdrogaD- 
The lulpbids pncipiMtad ii aolubla in hydRMhloiic acid : 

Zine (while) | MaHgantM (ron 

The lolphide pradpiuted ia not Mlable in dilute hrdcwbloii 

Nickel (black) 

and not 

Ciromium (g»ee) 

md oI tha aUialiue eiuthi ato 

onium lolpbide. The metals of iha ilkaluie »rUu whaa 
>l pbotphaivs and manj oUnt salts an precipllaled by 
« tha latter ncotratisea the tree acid, witb (onnatioo of an 
ol the acid aad iwoIdUob of •nlpfauniud hydn^n. 
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Na,8. Besidea which metallic sulphidca are bIbo obtained by heating 
met&U or their oxides in the vapours of many sulphur compounds — for 
exAmple, ia the vapour of carbon bisulphide, CS], when the carbon takea 
up the oxygen aud the Eulphur coiubines with the metal. The sulphides 
Cormed in this mLUtner are often crystalline, and often appear ' with 
those properties and in that crystalline form iu which they occur in 
nature. Besides which we must mention that many of the sulphide* 
of the toetals are oxidised in air at the ordinary, and especinlly at a. 
higher, teioperature, forming either SO, and the oxide of the metal or 
sulphates. This oxidation proceeds with particular ease, even at the 
ordinary temperature, when a raetallic sulphide ia precipitated from 
its solutions, as a line powder containing water. The sulphides of iron 
KDd manganese, itc, are very easily oxidised in this manner. But i( 
these hydrates be ignited, they lose their water (the ignition must be 
carried on in a stream of hydrogen to prevent their oxidation during 
the process), become denser, and are no longer oxidised at the ordinary 
temperature, Those sulphides whose corresponding sulphates are de- 
composed by heat part «ith their sulphur in the form of sulphurous 
anhydride vhen they are ignited in air, and the metal, as a rule, 
remains behind as oxide. This is taken advantage of in the treatment 
of sulphurous orea. The process is called rwstmg. 

Hydrogen not only forms sulphuretted hydrogen with sulphur, bull 
it also combines with it in several other proportions, just aa it combines 
with oxygen, forming not only wat«r but also hydrogen peroxide. 
Moreover these poli/»idphi<let of hydrogen are also unstable, like 
hydrogen peroxide, and are also obtained from the corresponding 
polysulphides of the metals of the allcaline earths, just as hydrogen 
peroxide is obtained from bikrium peroxide. Thus calcium forms not 
only calcium sulphide, CaS, but also as bi-, tri-, and penta-sulphide, 
CoS), and all these compounds are soluble in water. Sodium also com- 
bines with sulphur in the same proportions, forming sulphides from 
Ka,S to Ka^B^ If an acid be added to a solution of a poly sulphide, 
it gives sulphur, sulphuretted hydn^n, and a salt of the metal. For 
instance, MS^ + 2HCI = MCI, + HjS + iH. If we reverse the opera- 
tion, and pour a solution of a polysulphide into an acid, sulphur is 
not precipitated, but an oily liquid is formed which ia heavier than 
water and insoluble in it. This a the polysulphide of hydrogen : 
MS, + 2HCl=!MClj+ H,8j. As Kebs showed (1888), whatever 
polysulphide be taken— of sodium, for instance— it always gives on« 
&ad the ai,tao hydrogen penltuulpliide,^* of speciGc gravity I'Tl (10°). 
linin, pal&uiuin. and buium, 
I normal aulphidei; no adding 
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It cun only be preserved in the abtence of water and at law tempera- 
turesi ftnd then not for long : for, cspeciallj' in the presence of alkalis 
and when slightly warmed, it iplita Dp wzy ea«ilj into sulphuretted 
hydrogen and sulphur.'* 

The soluble aulpliides and polyaolphides of the metaJs of th» 
alkalia and alkaline earths--for example, of annnonioiD,'* pot*a^ 

hjdlwhlDric &f iJ he (Uttayt obbuDod hjdrogou penttAolplude^ whenn ii it svidtab tint 
4H,8.:=(>i~l)U^j.f(S-n)UiS. For Huuplp.ll HgSiixrr (oroicd.it woald d(o<n«DH 
Uforduig to the equaUon 4H,S,— H^Sj^-SSjE. The bTdrogoi pcDUnlphiila Imiart 
bnwliH up into b/drogea uilphidB uid lulphiu wfacit brougliC into cont^ei vitli wtlMV* 
Pr?viDQa lo R«b*' i¥Heftn:bfl« numj chemiAti lUted Ui^t mli poiyaalpludvi (atm iIw 
bi-talptiids H]Si, ind Hofmuio recagaiHd onl^ hjdcogtu tri-iulphide. H,3i, 

•* Tha tonnation af the poljulphidd at bjdisgen, H,fi., i> cHily undcnlood fmi 
IheUitDltubatitution.likelhkt al Ibc wlurUcd liTdnKuboni.C.II^.,,hi>4<tiiicl)i^ 
•ul)ihDr gives 1I,S, beuUM Ibe mDlscule of •ulpbuniH*d LjdrDen nuijbadiiuladiBtoa 
ikndHB. Tlu>rWUc)i!,US,i>c^ui»[EDltoB. By ■abriitDlJug Ihli n.dicle lor hrdnca 
in U,S<reot>UiB|H3)iia^B^S,.(BSKH3)8-H,B»«<i.,iii iiMH^niJ HiS., nwhono- 
loguti ot CHt, C.Hvi.t are Inmad in thu inuuielbDm CH4, uid cauHfineatl^ Lha pilT- 
lolptiidM H,S. a^ IhB hamologDBS ol BiS. TbeqDcationariKiwhf inIf,B, Uw a|)pansl 
llmil ol H i> S— thai i>, irbf doci tba nibttitnlian and wilii lbs fomutioD al HgB, ? Th* 
aoiwar appaan to ma to b« dcul; bacuM In the loolecDle of nilpbnr, S^ thara an ill 
atonu of inlphut (Ncto 11), The (onvi in ona and the othci oaaa a» tli« tan*. !■ Ite 
rms caH they hold Sj togalbar, in tb* olhac e,audH,: and, Jodgio^ from 8,8. Ilia lw» 
atoms of hydro^D ara equal in power and ai^ificaiicfl to tba alom of anlphur. Jnat aa 
hydiogan pcrgiide. ttfii. aipraaaea tba tompoailisn ol ouHie, Oj. is whic^ O ii i«;I«d4 
by H), w alio H^, con^iODd* vilh 8*. 

" AmmoBiimi mlphide, (NH(),S, may he prepared by paaaiog lalphorMtad fajdragm 
Into a Teuel toll of dry ammonia, or by paaaing both dry gam locatb« into a Tary mid 
In the latur cue it ii neeaHuy to pravont Ibe aeeeaa of air. and Is ban aa 



vary vi^tile. ctjalaJliD* 
raotKnia and an 



Und 
one volnma of tulpburelted hydrogan, and lorm a ooloorlai 
aobataoca, harinif a very Dnpleaaaiit odoar, whii:^ ia very ' 
neatabla. Whan aicpi»ed.to tba aii it abwirba oiygcn and ai 

then eoutalna oiygeu and polyinlpbid* oompeundB (bacauw a poition 01 the ^ | | «lu^ ^> 
lulphrta giraa water and lulphnr). It iiaoloble id water uul lorms a ootoarlaaa talBUM^ 
which, bowercr, in all prehebility conlalm tir* ammonia and tlu acid lall— lltal i^ 
anunoninm bydroinlphidp, NH.HS, or (NH,t,S,H,S. Thia aalt it lomol nfcaa iti 
anunonia ja miied with an «uet> of dry aBlpharttt«d bydrasm. Tha cDnpoaad ggo- 
laint oqnal lolume* of tba corapooentt NHj*U^-(N'tt.jHS. II eryalaUim io aa 
■nhydtoae (tata in eotoDileu platce. and may be eaaily lolatlliied (diHociatlng Ufct 

abwrbt oicygaa from the air, 11 toluble in water, and ita totntiin ia unatly pi 
tatnrating an aqoaoai mlulion of ammonia with tntphnnttod hydrogen, 
tha ordinary rule, tbeao taltt. lilw other ammonium tall*. «pltt op into Mwmrwvi^im taa 
anlphnratlad hydrogen when they are diatilled. 

A (olulion of ammonium inlphide l> able to diaealTa anlphor, and it (has aoMttaa 
eompoiuidi of hydrogen poljAotphido and ammonia- Boioe of theaa nmpouda may bt 
obtained in a cryiUlline form. Thna FMuche obUined a compoiind of ammaiil* wiOl 
hyd[D£«i pentaiolphide, or aramdBiam p4Ma(iilphida,(MH,)|8,.iii the loDoving maoaar: 
He laluntMi an aqneoui lolnlion of ammonia with tulpburatlad bydrm«, addad 
powdered aulpUnr to it. and paieed ammonia ga* into Iba tolubon, which IImb 




' and calcium,"— hftvo tbe sppearanoe and properties of salts, 
jtutasthehjdratedoxideahave, whikctlieiiulpbides of the metals of the 

It, onuigt-TBtloH crjUiii ol (NH,)iS, Mpifsied out Irom tha liguid. These oryslals 



WboD ■ Bdlation of ammomiun bj^roHUtpluilc, proppred by uturalmg a nolutfon oi 

tb anlpharvtlod hydrogen, ii expooed to tha tii, iL tpmii y?lLDi4, Affiug to tha 

■D umoDDiaia polynilphida, whou tormallon it dOe to tbe talphanlt«d 

hydrogen being oiidised by tha uc nod eooverted into wnter and nulphqr, wbioh i> du- 

•olnd hy [he eauDonlam Bnlphida. In eertiiED uu]yti»] reuttiDnt it ii luul Is employ 

* Hluliaa al unmoniain aalphide which hu baen kept for aoms lime and acqniied t, 

uidB, whilst a [laiJily-prepared eolution onlyeiolTeaiplphuretled hydrcgen. The yellow 
utution (urthermoro contains ammonium thiotulphate, which ia derived not only ffom 
the oiidnttoa of iJisamBiaaianiHiiIphide.bntalaotrom theactionof the liberated lalpbnr 
le uit of thioanJphnric acid and a Hitlphitle are formed 
by the tetion of snlptitir on a solstion of a csoitic aUAlf, 

^ Pofodrium tutphiiie, K^S, ls detained by heating a mirtore of potejainm aolpbate 
ud chwcool to a bright-red heat. It may be prepared In aolution by taking a aolnlloD 
ot potaaeium hydroxide, dividing it into two equal parte, acd aatniatiog one portion vith 
inlphuretted hydrogen it long aa it is abiorbed, Thia portion will then i^onti.in the add 
■all KH8 (Note 31 1. The two portiona are then mixed together, and potouitin >al[ihid» 
■il) then be oblaiDOd id tbe Bolution. This aolution hu a itrougly alkaline reaction, and 
IB cotourleu when Irefthly prepared, but it rety eaaily undergoee change when expoeed to 
(he air. forming polasBlam (hioinlpbale and polyinlphidei. When the aolDlIon i« erapo. 
nil«d at low (eaiperalurea ander the receiver of an air-pnnip, il yielda crjalall containing 
K,S,tU,0 (heaU^d jit ir«°, (he; put with S md. H-jO, and al higher temperaturea 
Ibej low nearly all their water without evolving sulphuretted hydrogen). When 
they are ignited In gUu tddhiIh they corrode the gUsi. When a eolntlon of canitia 
potaah, completely latorated with anlpboretled hydrogen, i^ evaporated under the 
receiver ol an cfr-pnmp it fomu colonrleaa rbombohedra of pcta»$iuiH hj/drofutjifiid4f 
a(KHB),H,0,K,S,Hi83iO. Tbne cryatala are deliqaeaceat m Iba aii, but ilo not 
ehange in a Tacamn when beated np lo 170°, and at higher iempentnrei they loaa 
watM bnt do not evolve inlphoretted hydrogen. Tha aihydions compound, KHS, 
ItuH at • duk-red beat into • very mobile yoUow liquid, which gndnally becomea 



ti eulpharettad hydrogen. 



I 



lb* coDipoond KU8 is boiled iteomewhateaiily e 

Wring potuunm nJphide, K,B, in lolntian ; oni 

alBO able to evolve inlphuretted hydrogen on prolonged boding, bnt the evolution 

cannot be rendered complete, and, therefore, at a eerUhi tempentnte, a lolntlon of 
sulphide will not be oapabls ol abioiting aulphurelted hydrogen at all. From 
we mOBl conolode that potiuinm hydroiide, naler, uid aalphuretted bydrogen 
* syalom whose complex eqaiTibrinm is enbjeet Ic the lawi of diesociation, d«penda 
e relative mus of each lubatanco, on the temperature, and the diBsocrotion pretfun 
I componenl elemealt. Potaauum aulphide It uot only Mluhle in water, but alio in 

snelins showed that in addition to potjuaium aalphide there sJao exist potaaslum 
ihido. KsSi; triaulphide. K,8,; letraanlphide, K,S,i and penUiulphide. K,S^ 
-ding to tbe reaearebes of iJcbUne, the l4ist tliree are the most atahla. These 
Dnh componnda ol polaasium and aulphur ma.y be prepared by luung potaiiaiDlb 
ixide or carbonate with an exceaa of anlphot in a porcelain (moible in a stream of 
oto anhydride. At aboal SOD' potuslum penlninlphide is formed; thia ie the 
Hi snli^iBr oompoond ol potassium. Whan heated lo ttOO^ it loaea one>Gfth ot il* 
inland give* Iba tetmnlphide, which al thia temperotDre is^libtr. Atabrlghl-red 
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higher groups resemble their oxide* &ud have not III »1) Uie appeatsAos 

but— D>me1;, mX uboal SOO'—tht ttiaolpbide ii to: 
lormed by igniting potAiuam CArboiuW in il ytiB&iu 
( compound, KgCS,, ii Ant Idinicd CDrmpcmdiDg U 
uhfdrid* il etoliad. On (onbet ignition Uiis BUDpaimd ipliU op IdId eubea lai 
potuBDm triiplphide, lC]3j. Tb« leOuiilplude majr (lad ba ubUinad in wIuUod it k 
Nation of pot«nium sutphida b« boiled wiUi th« T«qtii«Jta uiuiaqt of mlj^vr iHtluat 
Kccii ol air. Thii loIutioD yield* t.^ ojiImI* at Ihe compoiiliaa K^„1H,0 dboB 
il in Dn[JOT«li*d in a vfeCQnm, Tb««e crjMoJt ue wwj hfgnvwpio, «4iilj loliibU is 
wiiiei. bal lerj spunnglj io klcobali Hhen i^Md tlis; giie off *i4er, nlphiuMMd 
liTdiDgfiii. ud ftvlphoc. If * solaUon of pottHiDui sulphide b« bailed witb vi uoc«* gf 
■olplkUT it fomu tbfl penUuiil|^d«, wbicf^ bowaver^ it decontpaied oo proloDgfld >*'^*^'*^ 
inla BDlphanlUd fajrdnigcii uid paUuima tbionlphMe: K^'«3H,0'^KAO,+BH^ 
A nbttium called fiuiT of lulfkur wu locmcrl> frnjaeallf nwd is dwmiillT ud 
ntdicin*. Undu Ihti uune is koowa Iha (ubituica which i< loimed bj boiUaa » 
idlutioD dI umilic poUsh tcitb uiaiceu oI flonenol nilplioi. Thii tolatioa wmUliw » 
Dixlnn of poUuiam pentuolpbide and llu»alpbMa, eKHO + US-aKA'*'KAO| 
-I- SH3O. Tlie lubiUnce obluoiKl bj tuiiog potuaiDm cubonaU iriUi u mhm el 
■ulpliiu wu duo known u livs ol lulpliu. It Ihii iniiluis b* hMMd te as iiiiiiilail 
" ■ ■ e, bat »l higlut U 

id. la either caic a polyw ~ ' ' ~ 
The KDltJiidet uF udiui 

0« CMTSipuniliog put* 

" The ombli of th( 
■iUnalphui; tbuiiali 
Thsn UB doubdeii ali 



1 



Uuliou auUis, tika ihow of tlw alkalia, farm icnnt eSBpoaate 
lai turau conipoDodi with one and iriUi Sin aloBt al •alpbu. 
iolaniudiala talphidu. If tulphiintud hjdnign b* pawrf 
OT«T ignited lime it lonpi water and eatcium tulyhiile, itliich maj aleo ba torohed bj 
hotting calciDm anlphale with charcoal, whilvl if aulphnr be healed with lime or wilk 
calcium d^rbenal*, than nalimUj eirgen oompauuda (calcioat thioiulphaM and luIphUa] 
an formed ai the uiaa tuna aa ca la i u m anlphide. The prolonged aetioa of the *apaur 
el ealbon binilphida, eepeciall; when miied with carbonic anhjidride, oa etreaglx igsilad 
taldiiiii carticntia entiialj coiiTeii* it into toliihide. CaJciuu lulpbida 1* geanallj 
obtained aa as almoat wloulaaa, opaqua, hiiltle maai, which it inliuibla at a while heat. 
and it acluble in wal«r. The act ol ■alBtioa (aa with K^ Nota U) ia partlf anvapuucd 
bj a double deDotnpoaitioD with the water. When heated, dry fal<iinin eiilphidedoeaaot 

»1|dudea, precipitaLing lime <h a product c4 the decompoaitioD the hina bindara tb* 
action ol the o-atei upon tlie CaS ; •« toda relate, Chapter Xi; , Note 13), and forminf 
a hydr<jaii][ihida, CaU)S^ io aolalian. Tbia compoiiad ia aluo ionntd by paaaing aiil. 
phmctled hydrogeii Ibrcogh an aqaeoiu tolation ol calcium tulpbide or line, Ita aolDtim, 
like that of calciutn aulphida, baa aa alkatina reaction. It deaunpcan wlien avaporalad, 
and abaorba olgen from the air. OaJ<>utn pfnJaiutpJttik, CeSj, i* not known in a put* 



naybeot 
of lime or ealdnm aolphi 

naad for the prepaiation 1 

Hany <rf the aslphida 

that ia. Il»r have the f 

aetioa of lunlight, or of 






aalphnr 



of the metala ol the alkaline eaiUit aia phniphntnafanl 
cully of tmilhnt Ufhl. after haTing been mbjMtod to Um 
light (Caaloa phoaphoma, AaJ T)ia 
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a with regard to the ciTStal- 

in nature,*" 

la light at 



of salts, and this is more especially the ci 
line formfl in which they frequently occu 

miDod bj tbone njt which adiibib n cbouiiul utiou. Hsnca dft^llght <» t 
bfinung mB^TienuID, Sco-, melt mote poweTfollj than the light ot & lunp, &<•. 
hu ghown Ihd ■ unnll qunntity ol magnesium lighted ciuc (be larfwM of a phoa- 
pbarstcgnt labalaBce npidJy eioitei the gr^jitait poaiible iDteaeity ol lainiiioutyi (hi> 
aiuLb[«l bun to foDitd a iqethod of meaaiiriug the inlausitj □( light^i'^. La Qblva & 
conitut unit of light— euJ to apply il to photograph)'. Tho oalura ot the udapgo which 
ii Mcomplilhed on the auifuce ol the laninoBS Buhatuvw i< at pns«Dt tuUnfiini. hot in 
tsy eaaa it !■ a roossablB ods, bscaau the siperimant niay be repeat«d lot bd Infioita 
nuDiber Ot Umaa aod Ukaa place in a Tacanm. Tha iDtenaitr and tial ot (ha light 
atnitted depend on the method ot preparatloD ol the calciom sulphide, and on the 
decree ol ignition and pori(y of (he caloloni narbonate taken. According (otbeobeelra- 
({on< ol Beoqnsrel, tlie preaeoce ot compoanda of manganese, bismuth, &c-, ■odiom 
■Dtfdude (but not polassinm sulphide), io, although in tninula trace*, Is perleotl; 
inditpeouble, This given mason for tbioldog tlint tbo loirnatioii (in the dark) and 
deoorapoaition (in light) of double salts like UnS,Na,S perhaps torm tha chemical cause 
of the phenatnena- Compounda ot atrontiam and barium have this property to even a 
greater elt«nb than calaium sulphide. Thew compounds may be prepaTod as in the 
following euunpla : A mlituH ot sodium thioaulphata and stranUum chloride is prepared ; 
a donbia deoompotitioD takes plaoo between tho salts, aod, on tha addition of alcohol, 
stIDDlium tluonlphate, ErSgOj, is precipitated, which, when ignited, leaves Itrootiom 
■olphida behind. The strontium aiilphida thus prepared emits (when djy) a groenlsh 
yallow tight. It oonCains a certain amount ol anlphur, todiam sulphide, aiid strontiuni 
■ulphate. By igntUou at tvions lemperatnres, and by different methods of preparation. 



II is poHible t 









□ny, and meicory. 






I 



will describe the sulpbidei ol arsenic, ar 
Arsnnic trisnlphidc, or orjnm^nt, Kt3&i, occurs native, ajid ia c 
•ointion ol arwuiout anhydride in tlie preeenoe of bydrochlorio acid comes inU 
witJi sulphuretted hydrogen (there is no precipitate in the absence ot tree i 
beautiful yellow precipitato is then obtained: AsaO] + 3H,S^3H,0 + As,S,: 
whan heated, and volatilisea without decomposition. AsgS, is easily obUin 
colloid lorm (ChapWr I.. Note E7)- When fnsad il forms a lami-transpan 
maas, and it is thus that it enters tha market. The specific gi^rity ot native orpiment 
i* 1'4, and that ol the aitiaciaUy-luied masa is a-7. It ia nsvd as ■ yoltow pigment, and 
Owing to its insolubility in water and acids it i* leas injurious than the other oompounda 
oarrasponding to anenlons acid. According to tha type AsX,, realgar. AiS. is known, 
but il is probable that the tme compoaitiou of this oompontid ii Ai,Si— that la, it 
presenta tha same relation to orpiment as liquid pbosphuretled hyilrogcn doea to 
gaseous. Sealgar (SandaToca) occurs native aa brilliant red crystals of specific graTity 
A-fi9, and may be prepared artiAcially by fusing arsenic and sulphur in the proportions 
Indloated by ita fomntB. It is prepared in large quantities by diitilling a mixture of 
aulphur and anvuical pyrites. Like orpiment it diaaolvea in caloiurn sulphide, and even 
in caustic potash. It is used tor signal lighta and flreworhs. because it deflagntea and 
gives a large and very brilliant white flame with nitre. 

With antimony, sulphur gives a Iri- and a penU-aolphide, The lormer.BbjBj, which 
eorrespoDds with autimonionsoiide.oecun native (Chapter XtX.I in a crystalline form; 
ita Bp. gr, is then (9, and it presents brilliant rhombic crystojs of a grey colour, which 
fuse vhen^ heated. A substance of the samo composition ia cbteinad aa an amorphnue 
orange powder by pvaiug sulphuretted hydrogoo into an asid solution of antimoniona 
oxide. In this rOspoct aotimouious oiida again reacts like anenious acid, and the sul- 
(liides of both are soluble in ammonium and potaBsium lulpbides, aod, eipeciBllyin 
tha UM ot araauioui sulphide, are easily obtamed in colloidal solutions. By pnlof^sd 
boilinft with water, anlimanions gulphide may h« eotiruly converted into the tnida, 
evolved (Elberi). Native aflUmauy sulphide, ot the orufo 
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A* the acida derired from chlorine, phoephorui, and carbon Kr« 
the oxidised hydrogen compoundB of these elementt, m> also we oui 

pncipitaled triaolpludfl 
duk-coloUTud DiHt (Kb 



rb«n tasti w>t> 



7, or boiled >illi diwh-ed, kllnlb, bnu « 

. Then us ^u fonipaunda ot Itiaea •mb- 
tt«B««. A »<3ill*il tntiroonf Tennilion t« moeh and m ■ tja; it 1* prtfwJ hf 
boiling K-diDin thio<ulph»M (ati puU) Kith vitiioeDy Inchlonde |Hve pwU) ud ■••■■ 
-(Gftjr puti). Tbii (ubitouoe [irobuU; aintain< >D oijniliiliida el uitiiii<in]F — IhM i^ • 
portion ot tiie oiTgen in Uu oiida at mnlimon; in it i< nplued by nilphat. Red mMl- 
inonf ore. uid uUmonr gliu, which ie obtviwd bj fiuing (ha tri>iil[ihi4a wjlh 
HilimaniaoBoiidD.hKveBsimitiu'eoiiipoiilien, 8b,0S,. In tbe«til,;he a»(>n>any]Hnta. 
m/tpkide, flh^^, is the mod Irequtntty uMidof the tulpbnr compoonda ot uitiinotif. It 
ii lormed by the tetiou ot uid« on the totalled Schlippa'a aaJt. which it k id4ibm 
IMorlhiiRfii><ana(c,6b8(NaB)^,(WTTeipoDdiag with (Cheplar XIX.. Note «1 bia) onhuU. 
monie Kid. BbO<OH|k xllh the leplacament ol oiyeen hj (nlpbor. ll u obtwui by 
boiling Rpcly-powdered lutttTe Aatimonj LrimaJphide with twiea jti veigbt ol «4divM 
«Krbon&t«} and bait iti weight of ivlphnr and Lime, in the preaeiKe 
qnontity of water. The proeeaaaa taking placu ara at foilowa : — The lo 
«anvert«d Into hydioiids bj the line, and then forma aodiuin lulphide with the lolphuj 
the sodium mlpbide th«u diiulvas the antimony vaJphid', which in tbia fem almady 
«ambihei with tbfl greatest amonnt.oC cnlphOTk aa that a oomponnd ia termod oomi 
epcmdiog »itfa antimiMiy peutaaulpbidfl dlaaoKed in lodium enlphide. The lolutu it 
eitared and' cryatalliaed, care b^iog taken to praranl *««• ot air, which ondlaM 1^ 
•sdiBm aulpbide. Tbia aaJt crrstitlUaea in !ar^, yellowiih ciytlaJa, vhiiih m« M*ilf 
■ohible in water imd ham the eompontion Na]SbSi,BHjO. When healed they loee thaii 
water of crntalliaation and then toan withoDt alleration ; but when m eoIaUan, and neB 
Id eryitailioe funn. thit salt tama brown in airt owing Id the (nidation of Ibe avlplittf 
sod the breaking np nt tho componnd. Aa it li oied in medidne, aipMlally in the fi^^ 
pualion ot antimony pentaanlphide, it ii kept Dnder ■ layer ol alcehol, in whiah it i* 
inaolaU*. Acidi pnvipitale anlimon; pentaanli^ide from a tolotion ol tbia sajl, aa aa 
orange pondei, insolnble in acida and very fmqaently need in medieiae (.nilflir OMTalum 
aHlxinonii), Thia •ubBlance wlisn huted eiolvei tapourt ol iDlphu. aad laa*et ■alimony 
triinlphtde behind. 

Mercury forma coinponndi with lolphnr of the aam* type* aa it doe< with mygoa. 
Ilercnroaa sulphide Hg,S, euUy aplila up into DWrcniy and aercnho aulphid*. It In 
obtoloid by the aotion of potaaaium anl^de cm nwrcurons chloride, and aleo by Ik* 
actioa of talpburellcd hydrogen on aoluliona of salta of the type HgX. Mnnrie as). 
phide. BgS, oorreapooding with the oiida, la nnnaior; it i* obtained at a Uaiik {awtpb 
late by the action ot an exceaa at (nlphiinlted hydrogen on (ololiona ol mercoiw lataK 
It ii inulnbla in acida, and ia therefore pneipiuud in Iheir preaenM. U k snUim 
amount of water coaUining anlphuretted hydrogen be added lo a solution of metwUitt 
chloride, it ent giw awhile precipiUte of the oompMition H«,S,Cli-lhat 1% ■ MB- 
pound HgCl.lHgB, a aolphochloride ol marinuy like the oiycbloriOe. Bat in tba fs^ 
■ence of an eiceaa of atilpbnrettsd hydrogen, the black prKipitale of oMreario enlphii> 
la fonnad. Iii'lhia ilals it is not cryttalline (the red variety is formed by the prJ kitted 
•ebon at polJsoliJiidea of nBunoaiam npon the black HgS), but it it be heated Vo its 
temperature of niatilisalion it fonna • rid ciyiUilins sDhlinute which ii idaaliol aMk 
n*tiir< dnnabai In thia farm ita epeeiflc giailty ia a-O, asd il forma arad powder, avbg 
to wbich it ia seed a) ar*d pigment (Tcrmilion) in oil, |iaetal,«Bd other paint*. tti**» 
litila attacked by reageals that nan nitrio acid haa no action on it, ejid (h* ifMlm 
inioea do not disic^Te it, so that it ia not paisonooa. When batlad in aii. lb* (iJpkar 
boma away and leave* metallld mercury- On a targe scale cinnabar is aaually pi ajasail 
in (be loUowiiig mumer; 300 part* of meRnry and lit paila of anlphur are mined 
ly a* poaaible and poorsd into a aolutioa ot IS parte of caostic polaab 
■ ' - " - -0° lor Mmd bcora. B*d Mwsi> 



SULPHUR. SELENIUM, AMD TELLURIUM 823 

form an idea of the acid h;dntei of aulphor, or of M- normal aeidi 
o/filphur, by representing tbeia %» the oxidiMd ptoducta o£ luJpbar' 

etWd hydrogen — 



HCI 


H,S 


H,P 


H.C 


HCIO 


H,SO{t) 


H,PO(t) 


H,CO 


Hao, 


H^O,(I) 


H,PO, 


H.CO, 


HCIO, 


H,bOj 


H,PO, 


H,CO, 


Hao< 


ii^-o, 


H.PO, 


H.CO,» 



In thp case of chlorine, if not all the hydrates, at all events Baits of 
ftU the n'jrnial hydrates are Iciiown, whilst in the ca«e of sulphur only 
the acids H,S, H,SOi and HjSO, are known. But, on the other hand, 
the lattar are obtainud not only as hydrates but also as stable anhy' 
clridea, SO, and 80„ which an formed with the evolution of heat 

■nlt^tlc !■ thw formtd. and Mpu^m out tnai Ibe lolDLioa. Th« renciion wUicb ttkM 
place it ufoUowi^ A »lubla campsund, KjBgE,, » fint fonwd; tbii ounpnund i« •bl* 
la Hpiirita in colourleu ailk; needlat, which btb •olnblo in U» camiLic potuh, bat an 
deconipe»d bjr •■Icr, uid lA M^ : thli lolntlas (pgrhip* b; altncling oijgon faon lh« 
■irt sloirly depowt* HgS ia ft crTitAlLiDr lorm. 

Spring BonducUd ui intcniting ntuKh {at Ucge, 1891} npou (ha coUTenion at tb* 
Uv!h junorphoQi vulphidc ol mercury, HgS, ipto red cryitoJUno ciiudbai. T^iia rMMTiA 
formed ■ Mqnel (a Bpring't cluuol nMUrctasi on the inflaencs of high preaiare* npm 
Iha pnpertie* of Bolidi uid Ujeir capuilr lor mutvutl combi nation. He thowed, unanj 
oiha thinga, thai cvdinjuy wlidi and sren meUls (for Inaljuice. Fb), aftec being eon- 
*id«nblT coDipr«aed wider a pteuon of 30,000 utiuDgphec?!, retorn oo rsmoviU of Uw 
pieHore to Iheir origliul danilt; like gMBL Bat (hit ii only tma whau the conise«Bd 
■olid U not liable to an ■llolropic Tuiatlon, and doea not give a danui rarietj. Thu 
pnamatic snjphnt Itp. gr. I'S) paue* under preitnra into tba ocUhrdral <sp. gr. 9-05) 
rtiietj. Blaok HgS (pncipitalad from aotatioD) hat a ap. gr. 7H, while that d4 thn led 
irvicty ia 8'tl, and tharefora it migbl be expected that the fonuei would |Maainio tbelattar 
DDder prawuv, but eipcrinunta both at the ordiaary and a higher l«mp*ntnre did not 
giie the looked. for luult, becauH cien at a preaauta ol 30,000 aUnoapberw th« bUdi 
mlphido waa nut eomprcHad to Iha density of emnabar (• pmaara D( at mnch aa 
U^OOO atmosphsm wue a«ea>ary. which conld not ha attained in the eipenment). But 
Bpcjng prepared ■ Uncle HgS, which had a ap. gr, o( HO, and thia, undnr a preanira d 
WOO alBoapharei, paaaed into cinubar. Be obtainiul thia pecnliaz black laristj id 
HgS (up. gi. SO) bj diatilUng cinnabar in an atmoapbeca of CO,, whsa tho |;raala 
porlioa of the BgS ia ridrpoiitcd in the rorm of finnabikr. Under the action of a tola- 
tun of pDlyanlphida ol a^uno^>BD^ thia nriely of HgS paaH* more alowly ialo thr nd 
variety than the pracipilatsd vanity d<iea. while ncder preunrs the cooTeniaa U oom- 
paratively uty, 

Jt ia worlhj of rama^, that Linder and Ficton obtainad compln eorapoonda ol 
many ol the anlphidaa o[ the h«>vy melala (Ca, Bg. 8b, Zn, Cd, Ag. An) with Ofi, for 

imple H,S.7CuS (by tha aclion ol HgS opon tba hydraU of oiide of coppsj, 
H,&,lK:iia (in tha praaeoce ol acetic acid and with as uoaat of H,S), As. Probably wa 
kaTebereaaoItoCaolid'aDlotiDnolH^inlbemelAllicaulphidca. 

» CH. g><ea CH.0 or CH^OHj. wood aplzil ; aH.0, nr CH,(OH)b which deeov 
poaaa into water and CH,0— that it, methylene oiide or (onnaldehyda ; CH^ 
-CH(OBJ, = H,0 + CaO(OHI, or fonoic acid; and CH,0. - C(OH),-aH,OtC(V 
There an lour typical hydK«u componIld^ BH, BH,, RH]. and RR^ and each of thu 
ha* lia lypi^ oiida. Baycnd Ha and Ot o 
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from sulphur and oxygen ; 32 parU of Bulphur in combining with 
32 pArU of oxygen— that is, in forming SO, — evolve 71,000 beAt 
uniu,'< and if the oxidation proceeds to the formation of SO,, 103,000 
heat units are evolved. These figures may be compared with thow 
which correspond with the fta»sage of carbon into CO and CO,, when 
29,000 and 97,000 units of lieat are evolved, This detemiinec tlio 
stability of the higher oxides of sulphur, and also expresses the peeo-: 
liarity of sulphur as an element which, although an an»logae of oxygen, 
forms stable compounds with it, and thus fundamentally diflers from 
chlorine. The higher and lower oxides of chlorine are powerful oxi- 
dirang agenta, whilst the higher oxido of sulphur, SOa, has but f«ebl» 
oxidising powers, and the lower oxide, 80|, frequently acts as a re- 
ducing agent, and is formed by the direct combustion of sulphur, just 
as carbonic anhydride, CO,, proceeds from the eonbustion of carbon. 
In the combustion of sulphur, andalso in the oxidation (roaating) of th« 
sulphides and polysulphides by their ignition in air, rnlphuroui oxiif*, 
or tulpltiirmis anhydride, or tulphv.r dwcide, SOj," •''' is exclusively 
formed. It is prepared on a large scale by burning sulphur or roosting 
iron pyrites or other sulphides " for the manufacture of sulphuric 
acid (Chapter VI.), and for direct application in the manufacture of 
wine or for bleaching tissves and other purposes. In the latter in- 
stances its application is based on the fact that sulphurous anhydride 
acts on certain vegetable matlflrs, and has the property of a reducing 
and feeble ncid."''^ 



T, 71,060 hut Dnitg ; iwiBocliaii 
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obtaioed bj roHting tina blende {ZnS| ud coptier and letd iu1[>hid». j 
ii bIbd piwoced (toai eoda rctaM IKote 0} ud the reeidnei obtained In 

^^** SulpharoQi unhjditde it eJao, obtained by the decompoiiliaD c 
eepecimlty of the hecry mAUJa, by (he ection oT hut ; hut this raqdiraft m v«F]r povcrtvl 
beat. Thii fonnmljon of tiilphnou enhydjide frcfxu «ii1phi«tea ■■ bftied on tbo decoB- 
peeltion imper lo luiphnriA uid itiaU. When rajphuha uHd ii attoDgly bMt«>) (lor 
Inetaiuw, by dropping it opon ui iocuidMcent lurFue} it ii dscompoHd iota water, 
oiygen, ud lulpboroui uhydride— thai ii, into lliou compoaod* (rem whiah n I* 
lormed. A siniilu decompoiiitioD piweedi dutiDg the ignitign □[ many ■ulphalta. Bibi 
ao it&hle a sulphate e^ gypSDin do« not re<i(t tlie action at very high tcDiperatona, bol 
it dccompowd in Uia iuns niaimer. line bviug tolt behind. The decompotilioq dl nl. 
phal« by. heat ii accompliihed with "till grenter tucilily in the praune* o( tulpbur, 
becauu in thin case the llbaralad oiygen conbinee with the inlphar and the mel^ b 
m a mlphlde. Thai when feiroDa anlphate Igreen ritriol) ia ignited *j 
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In the laboratory — that is, on a imall icnle—salpharoui KnhTdride 
is be*t prepared b; deoxidising ealphuric ftcid b; heating it with 
charcoal, or copper, sulphur, tuercury, &c. Charcoa) produces this 
decompoeitioa of sulphuric acid at bat moderately high temperatures ; 
it is itself converted into carbonic anhydride,"*^ and therefore when 
sulphuric acid is heated nith charcoal it evolves a mixture of sulphurous 
and carbonic anijydridea : C + 2H,S0, = COj + 2S0j + SH,0. The 
metals which are uaablo to decompose water, and which do not, there- 
fere, expel hydrogen from sulphuric acid, are frequently capable of 
decomposiug sulphuric acid, with the evolution of sulphurous atihydrids, 
just as they decompose nitria acid, foi-ming the lower oxides of nitrogen. 
These metals are silver, mercury, copper, lead, and otheis. Thus, for 
example, the action of copper on sulphuric acid may be expressed by 
the following equation t Cu t- 2H^0, = CuSO, + SO, + 2H.0. In 
the laboratory this reaction is carried on in a flask with a gas-conduct- 
ing tube, and does not take place unless aided by heat.'' 

In its physical and chemical properties sulphurous anhydride 
presents a great resemblaHct to carbonic anhydride. It is a heavy gas, 
somewhat considerably soluble in water, very easily condensed into ft 
liquid ; it forma normal and acid salts, does not evolve oxygen under 
the direct action of heat " although such metals as sodium and magne- 
sium burn in it, just as in carbonic anhydride. It has a suffocating 
odour, which is well known owing to its being evolved when sulphur 
or sulphur matches are burnt. In characterising the properties of 
sulphurous anhydride, it is very important to remember (Chapter II.) 
also that it is more easily liquefied [at —10°, or at 0° under two 



Ll 100° tnlphnric Kid 
rs inlphuioDm uihTdriJe, «o llul II 
netliod- Iron pjnteH, FeSj, whsa 



thia rcu(ion may ardQ be uaad for tinv preputtioo of thit gaa. j 
ind culpbur give an sitremely anifoim etniom of pDrs inlphuioDi 
b b«>( pnfAnd OD ■ muiBfkcturLD^ Bc&]fl by thii 
bsaUd to 1MI° witb xnlpliulis uid (•[>. |cr. 1'7S) in 
daul kad unilonn mpply o[ Bulphuious Biihydride. 

» Th* Uuoinochcnuoil dcta coniiKUd wilb Ihia nutioii ue u IbllcHn; A 
moliicule ol bydngw Bhin combining vilbotygan (O-ld) dmiopa iboDt SOgOIWbast 
aniU, wbilit tbs moleonle of 80i in combining with oiygen only dcTelops ftboub 89,000 
bHlDiiiU— llutii,>boQthidluniDcb— widtlienlani llioH mMiIa which eumol deosm- 
pOM wiltt luy Mill bo ftbia to deoiidiH lulphuhc into >u1phDniiu uid. Tho« meUli 
which dccoiBpOflQ WKtdr uid BPlphuriQ acid vith th? evo^ulion of hydrogen, «vo1t« 
in Gomhining witb tixieten parta b; weight oF oxygen more hgat than hydiogen doe^^ 
raieuunple.KvHa^Cadovalopabautor more than 100.000 hut nntU: Fe, Zn. Un aboDl 

hydrogui In>m inlpturic acid, but an ilill capable ol erolTing inlphotoiu anhydride (ram 
it, develop leaa hoat with otygea than hydrDgen,but nearly the same amoniil, if not morv 
thao. >iil)ihDroiu anhydndo developi^or eumple, Co and Hg dcTalop abont 10,000 sad 
Fb aboBt 60,000 heat luuta. 

** HuttiSiit ooljrdiuociateaind ta-lonii*lli«aii(iBal(nidiietaieoaiia|. 
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fttmoapljereH pressure) than carbonic anhydride (thif! 
at 0°)," tl)at it is more soluble than carbonic e 
p. 79); ftt 0°, 100 vols, of water dissolve 180 vols, of carbcnio 
anhydride and 688 vols, of sulphuric anhydride), that the raolecuUf 
weight of BO, =61 and bf C0,=:14, and that the deaaity of liquid sul- 
phurous anhydride at 0°s=l-43 (molecular volume=45)ajid of curbonic 
anhydride =0-95 (molecular volurDe = 49). Although sulphur dioxidft 
is the anhydride of an acid, Tievertheless, like carbonic anhydride, it does 
not form any ataljle compounds with water, but gives a solution from 
which it may be entirely expelled by the action of heat.'^ The acid 
character of sulphorouB anhydride is clearly expressed by the fact that 
it is entirely absorbed by alkalis, with which it forms acid and □ornwl 
Baits easily soluble in water. With salts of barium, calcium, and the 
heavy metals, the normal salts of the alkalis, M^SO,, give precipitatM 
exactly tike those formed by the carbonates. In general, th« salt* of 
sulphurous acid are closely analogous to the corresponding carbonates. 
Aciil soditim gulpkiu, KaHbO], may be obtained by passing sul- 
phurous anhydride into a solution of eodium hydroxide. It la also 
formed by saturating a solution of sodiuoi carbonate with the gas 
(carbonic anhydride is then given off), and as the solubility of the add 
sulphite is much greater than that o[ the carbonate, a further C|UBnt)ty 
of the latter may be dissolved after the paasage of the sulphurous 
anhydride, so that ultimately a very strong solution of the sulphite 
may be formed in this manner, from which it may be obtained in a 
crystalline form, either by cooling and evaporating (without heating, 
for then the salt would give off Rulphurous anhydride) or by adding 
alcohol to the solution. When exposed to the air this aalt loses 
sulphurous anhydride and attracts oxygen, which converts it into 
sodium sulphate. The ncid sulphites of the alkali metals are able b> 
cofnbine not only with oxygen, but also with many other substances — 
for example, a solution of tbe. sodium salt dissolves sulphur, forming 
sodium thiosulphatc, gives crystalline compounds with the aldehydw 
and .ketones, and dissolves many bases, converting them into double 

^ At ■ giv«a Icmpcnlim tbe {irohsiug of thii gu qiolvcd (ram ao; ulb irill ■>• 
leu tb&D Uiot of oafIniii^o luihydride, 
«!th tbn phHiiatii«iwD of arkporatiot 
«l«iuiD ilubodmW. 

Liquid BulphiLrQnfl uihjdiida It Df 
cold. 



I* {Pietct) (or 



« pcodocUon at 



" D« U Bin, Pione, ud mors npecldlji Boonbwn; tui>e lavcitigiiMd Iha 
cryiWlo-hydnlA nbich i> torniKl \ij lotpliBioaji ui]i]rdiii]e mill ntiir »l tcmppntona 
below 7= undBr Iha orAinmrj piciiuni, «nd in clo^od nucit (nt Itunixntliim b«low U^ 
lu oompoiitioD 11 80,.7H,0. sud dEniiljr I IL Thia hjrdnto oormpcmdi with Uis ■'milw 
hjdnte CO,,SB|0 obtuocd b; WnUmk;. 
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Rulphites. Having the faculty of Bttracticg or absorbing oxygen, acid 
Eodiuio Bulphite is also able to alisorb chlorine, and in thereforo 
employed, like soilium thiosulphate, for the removal of cliloritle (as ui 
Antichlor), especially in the bleaching of fabrics, n-hnn it is necessary 
to remove the last traces of the chloriue held in tlie tissues, which 
might otherwise have an injurious effect on them. If a solution of an 
alkali hydroxide be divided into two parts, and one half is saturated 
with aulphuraua anhydride, and then the other half added to it, a 
nomial salt will be obtained in the solution, having nn alkaUuo reaction, 
like a solution of sodium carbonate. The acid salt has a aeutnJ 
reaction.""' •■'' Like sodium oarbonat«, nortnid fodium ruljJiiu has the 
composition Na^Oj,10H,O, and its maximum solubility in at 33° — in 
a word, it very closely resenibles sodium carbonate. Although this 
salt does pot give off sulphurous anhydride from its solution, it is able, 
like the acid salt, to absorb oxygen from the air, and is then converted 
into sodium sulphate." 

Besides the acid character we must also point out the reducing 
chstacter of sulphurous anhydride. The reducing action of sulphurous 
acid, its anhydride and salts, is due to their faculty of paoung into 
■ulphuric acid and sulphates. The redociug action of the sulphites 
is particularly energetic, so that they even convert nitrio oxjdu into 
nitrons oside : KiSO,+ SNOsKjSO, + N,0. Thesaltsof many of the 
higher oxides are converted into those of the lower — for example, FeX| 
into FaX„ CuX, into CuX, HgX, into HgX ; thus 3FeX, +80, + 2H,0 
=2FoX,+HiSO, + 3HX. In the presence of water, sulphurous 
anhydride is oxidised by chlorine (SO, • 2H,0 + C1,=H,80, +2HC1), 
iodine, nitrous acid, hydrogen peroxide, hypochlorous acid, chloric acid, 
and other oxygen compounds of tlie halogens, chromic, manganic, and 
many other metallic acids and higher oxides, as well as all peroxides. 
Free oxygen in the presence of spongy platinum is able to oxidise 
sulphurous anhydride even in the absence of water, in which case 
sulphuric anhydride SOj is formed, so that the latter may be prepared 
by passing a mixture of sulphurous anhydride and oxygen over 
incandescent spongy platinum, or, as it is now prepared on a large scale 
in chemical works, by pasaiug this mixture over asbestos or pumice 



•"• 8chwieV« (18891 bj- uHumliog NiHSOj -ith potath, or KHSOj with aeds, 
obtuud KkKSO], in Hie firri <n<Un» with R,0. Bad in the tettmi IdbIiuicii with tH^ 
probiblT oviDg la the diOeTent media in ohiih the crjutnJi ktb rormeil. In gononil inl- 

" Tlia nanii*] hIIi of c&lciom viH iaiigiii!<,inm *rc tt^ghtlr, ud the acid nlla *MiIj, 
coloble in wttei. Tb«B scid inlphitei tn moch nwd in pradioe; Ihui nlciom biinj- 
j^U ii amplajwd io tha nuDuFutun of ceUnlou from MwdD*t, t« nuiing with fibreos 
BuUm ia the munfadDra at pipsr. 
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■tone moistened with a solution of platinum salt niu) Ignited Sal> * 
phurous anhydride is complntely absorbed by certain higlior oxides— for 
instance, by barium peroiide and lead dioxide (PbO,+80,=PbSO,).'* 
There are, however, cnaea where sulphurous anhydride acts as an 
oxidising agent— that is, it is deoxidUed in the presence of substances 
which are capable of absorbing oxygen with still greater energy than 
the sulphurous anhydride itself. This oxidising action proceeds witli 
the formation of sulphuretted hydrogen or of sulphides, while the 
reducing agent is oxidised at the expense of the oxy)i;en of the sqI- 
phuroua anhydride. In this respect, the action of stannous salts is 
particularly remarkable. Stannous chloride, SnC)2, in an aqueous 
solution gives a precipitate of stannic sulphide, SnS„ with sulphurona 
anhydride — that is, the latter is deoxidised to sulphuretted hydrogen, 
white SnX] is oxidised into SnX^. A solution of sulphurous anhydride 
has also an oxidising action ondno. ThezincpassesinUiBolution, but no 
hydrogen is evolved,^ because a salt of hydrondphtiTous add, ZnS^O,, 
Ls formed. The free acid is still less stable than the salt. 

The faculty of sulphurous anhydride of combining with various 
substances is evident from the above-cited reactions, where it oomlHan 
with hydrogen and with oxygen, and this foculty also appears in t]i« 
M Thi< rekclion ib taken ^vajiUgn ol in [emovui|; ■DlpharDDt nohydrido from ■ mii- 
Inn ot gucB. Letd diolide, PbOg, ii brown, uid wlien conUtied with eutphnniu* kohj- 
ilride it fomu t»d Bulph&te, FbSO„ which it white, «i Ihet the nMlion ii avidtDt bott 
TroED tba chuigA in coloai and deveLopnient ol heat, Sulphunm u^jinit u ilov^ 
decomponed bj ^a hcCioii of bgbi, with the neparatiop of lulphar and fonnabun of sol- 
phnric uhydride. Thia sipUini tbii (ut Uut ■nlphnioui uibydride i*«i>*nd ia IIm 
duk giicB ft while preoipitsls of silver tulpbits, Ag,SO). with lilTer chlont*, AcClQi. 
but wbap pnpured in the light, eTSn in diffund light, il gives b duk precipllM*. TU( 
nitunlly depends on the lut thkl the mlphot libetitlpd theo lortnB uItu wlpUdt, 

t tba tuuHj tt 



» SchiinebeiD ohsen'od thit [ha liquid lama yellow, 
decoloriiiog litmoi iind indigo. ScbllLeenbeiger allowed Ihut thii depend* of 
tion of % Bine Bait of b pecalinr mod very powerfally-ifiduciDg kcid,' lor with capru hW 
the jellew fotution gives b red preuipitete of saproui hydnte at meUllia eoppvr, end II 
teducet aolli ot >ilier and meniDrj. entirely. An einftlr sioiilBr »lDlion ii ofctaiBed by 
the aelioD ol lino on •odiooi blaBlphitfl without ncceo ol nir iind in U» cold. !%• 
yellow lirjuid Bhurbi oxygen iTom the eir with grent evidily, end fonni ■ inlpluU. If 
the tolotiod be uiitid with Blcohol, it depoulie a dooble lalpbite of fino end aodiiun, 
ZnN>,|SO,)„ whicli doei not decolohu litiani or indigo. The remBining Bjeohalio »l»- 
tioa deposita colouileas crraUls In the oold, which nbwrb oiygen iiiUi groBl eMTiy in 
the preaonce of wBter, but are toIerBbly alBhle when dried under tho receiver ol Bn ait- 
pomp. The solution ol tlieae cryitals baa theBbove-nieitlioneddHxilDriiiue and (•dodtic 
propertlSB. Theav tryatal* contain b aodium tBJt ot b luiVer Beld ; their compoellkii ma 
•t firal luppoaod to be HKbSO^ but il wbb BlterwBnli proved that they do not conlaiB 
hydngen, and pietent Uia composition NftiS)0, (BemlliHnJ. The same aalt ia bonad 
by the BOtion ol a galinDie eomnt on a'tolDlion ol sodium biiulpbiie, awing lo Uta 
action ol the hydrogen at the moment ol ila liberation. II BO, reseniblea CO, la lla 
oompoaition. then hypoaolphuioos acid H^0| Mieniblea ox«lie Bcid IiiC,0,. PeilMin 
an analogoe ol fonolc icid SHjO, will be diacoverod. 
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(act that, lika oarbanjo oxide, it combinea with chlorine, forming a 
chloranhydride of sulphuric acid, SOjCI,, to which we shall afterwards 
retura. The same fiiculty for combination also appears in the salts of 
sulphurous acid, in their liability to oxidutioa aod in the exceedingly 
oharaoteristio formation of a peculiar series of salts obtained by Pelouze 
and Frdmy. At a temperature of — 10' or below, nitric oxide NO is 
Absorbed by alkaline solutions of the alkali sulphites, forming a, peculiar 
series of niirontlp/iatet. At a higher temperature these Halts are not 
formed but the nitric oxide is reduced to nitrous oxide. But in tha 
cold the liquid saturated with nitric oxide after a certain tiioe gives 
prismatic crystals resembling those of nitre, Tlio composition of the 
potassium salt is K]SNjOj— that is, the salt contains the elements of 
potassium sulphite and of nitric oxide.*" 

There are also several other substances, formed by the oxides of 
nitrogea and sulphur, which belong to this class of complex and, under 

o The iotttbiljly of Ihia ult i> vsiy gietf, uid ma; be coinpugd to Uut o( Uu oom. 
paimd ot lermiia sQlphilo with iiilrii: oitde, tbr »hen hutod under Iha conUci 
indusace o{ •paogj pUlinam, rhnruDiil. Ac, it Bplili up into potasaioin nulphits uid 
nitnai oiide. At ISO" L)ib drj iiJt givea oS nitifi aiide, ud rs-tomia potuiium lu). 
phiU. The Iree kcid huH nnt jct been oblaiiiBd. Theia biiKh reeenible the Hnei at 
lutphonilrila diicovered bj Fri'm; in lSi£. They ikre obtuned by piuiog lulphncaut 
sahydride throngh n ooncsntrnlcd lod ilioogly alknliDB Bqueoua lolution of potsiuiiuii 
nitrite. Theyateeolubla in water, butare precipiUtcd by no eicoo o( nlkuli. The flrrt 
product ot thv tctiou bu the compmition R,N9jH0,. It ii then conTerled by tha 

■ImJlir complei ulti. muiy ot which giie well-tDTined cryitkia. One ma>t ■Qppota tbiil 
the chiet ckoio ot the tonnition ot Ihena very complex sonipoDnda [■ Uut they conttin 
imntDJoted oompoiuida, NO, KNO„ and K^SOj, all ot which ue inbiect to oiidation 
uid further comliiDation, and therofore o»aily combine among each other. The decom. 
poaJtiftn of these compoandA, with the evolution of ammonia, when tboir iolatione tn 
heated ii due to the fact that the molecule ciiatune the deoiidult. inlpbDroDt anbydrida, 
whidi ndueea the niliona adid, NO(OH), to ammonia. Id niy opinion tho compoaitioo 
ol the tulpbonltritai may bo very Himply reterrod to Ibo eomposilion ot ammonk. In 
which the hydiogga ii partly replaced by the radicle of the lulphatfli. II we lopreHnl 
the oomporiHoa ol potaaBium nolphnle a* KOKSO,, the (^np KBOj will be eqoiia- 
Unl (aocurdiog to tlie law of aabntilution) to HO and to hydrogen. It combinei with 
hydrogen, lonoing the poliBiiim acid adplute, KBSOj. Hencs Iba group ESOi may 
■1m replace the hydrogsD in amtnonia. Judging by my analyiiH (IBTO) the eitrema 
limit of thii lubilitution, N(HSOt)), agreei with that oI the sdpbonitiita, which li 
Muly tonn«d, liaulliioeouily with alkali, by (he action ot potebiiUJD lOlphlle on polas- 
■Imn nllrits, according to tha equation SK(KSOi)4-KNO] + aH,0-N(K80i)i+(HKO. 
Tha raaaarrliea ot Bergluad, and aipeciiilly ot Raechig (1867), loUy verified my oonda- 
eioni, and ihovred ibat we muab diatinguiih the following types of talU, correiponding 
with unmoDio, when Z itandi tor tbe luJpbonic group, H30j, in which the hydrogen ia 
replaced by petaaium ; benca X ^ KSOj ; (1) (IH,S, (a) MUX,, (S) NH,. (1} N{OH]XH, 
(S) K(OH)X„ (« [1(0H)^, iort as NHjCOH) ii hydtojyUmine. SH(OH)^ !■ the hydrate 
ot nitiaua oxide, and NIOH), ia orlbDuitrona acid, aa lollowi froDi tlie lew ol aaUti- 
tolion. Thii elaai ol cemponnda ia in moat Intimate relation with the eeriei of bb1- 
|ibonitrauacampMiad(, W[Toipandiiigwith'dlXDibeic[yitidB' and their aeidi, which wa 
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Bome circutDEtances, uiutable compounds. Irt Ute maoufucttira i 
■njplinrio acid, both tliase clasma of oxides oome into oootact with m 
oUter ia the lead chamber*, and if there be inaofGcient water £or the 
formation of Bulpharic acid the; gire cryalallioe coinpoandi, temiMl 
BhajiibeT erystali. Aa a rule, the compositioQ of the cr7Bt«l« ia ex- 
pressed hj the formuU NHSO,. This is a compound of the radiclM 
NO, of nitric acid, and HSOj of sulphuric acid, or nitroaulpborio 
Add, NO,-SHO„ if sulphuric acid be expre-ssed as OHSHOj and nitric 
by NO,i>H, The tabular crystals of this substance fuse at abont 70", 
are formed both by the direct action of nitrous anhydride or nitrio 
peroxide (but not NO, which ia not absorbed by solphoric aokl) en 
sulphuric acid (Weltzien and others) and especially on sulphuric atad 
containing an anhydride and the lower okidesof sulphur and nitric acid.*' 
Thioiulpkurie ooifi, HgSiOj — that is, a compouod of sulpburoua aoid 
And sulphur— also belongs to the products of combination of lulpbarooa 
acid. In the same way that sulphurous acid, Hj80,, gives H,SO, witfi 
Oiygen, so it gives H,SjOj with sulphur. In a free state it ia rery un- 
stable^ and it is only known in the form of its salts proceeding from th* 
direct action of sulphur on the normal solphites ; if endearoun b* 
made to separate it in a free state, it immediately splits up into thoM 
elements from which it might be formed — that is, into sulphur and 
sulphurous acid. The most Important of its salts is the todium 
Ihiosulp/uxU (known as hyposulphite), Na,S,0„5H,0, which ooonrs in 
colourless crystals, and is unacted on by atmospheric oxygen either 
when in a dry state or in solution. Uany other salts of this acid are 
easily formed by means of this salt,*' ^^' although this cannot be done 

*■ Iq th* iQlpharic koid chunben tha lovei oiidet of ml»g«i uid Bulphiir takaparl 
in Uu moUon. The; ua oiidiHd by the oirgFu of Ihs lir, ud Idtid nikro-aolpliulia 
•Sid— t(iTi!iuiiI>lB.aSO,4-N,0, + 0] + H.,0^aNU30s. Tl.ii HSBponad diHolTsi in Ufoas 
nlphorio lotd wiUurat cbwiging, tod whan this iolatioa ia diluted Iwhui Um ip. gr^ Uls 
Id l't|, It iplits Dp into (nlphiuiii uid ud nitnai uihjdridc, ud by tbs ution ol wt 
pborviu bib;pdndD i« conTnled into nibria oiide, whioh bj iChU (in tho tbteao* of uilcia 
Mid or Dijg«i| ia iuaolDbls ia aulpbuio Hid. Thaa* nactiun* u* Uksn tdnnUa* of 
lanUinioR Hh oiidaaol nitrogeii in tha Oaj-LmaiKi stAs-tonn. uid torotnwliaclb* 
■bi«b«d oiidaa at nitngan fniB ths nanlbuf lolatioii io th* Olarn lems. Illlminfc 
pitrie Olid* is nol ibtetbti bj ■olpharic acid, it nuia (Boh, BrUniag) on ill ■nbTdhd*, 
•nd fanD* •nlphniou* itnhTdrida wid ii«xaltlliiietabikuKa,N,6^>' ttNOtlSOi— 80^ 
- Sfi^O^ Thia mar ba nguiM h Iba ■nhrdrid* of uitto-iDtphiing Mid. hM*M* 
1i,S^-aHaaOf-Ufi; like DitroinlphniHi acid, il ia dHompoied bj mtw Idlo 
tiitio-*iil]ibarla uid and nitroDa uihTdride. Bisoa borio uid uui 
klamln* uid other oxides of the fonn RtOj an abUto eonbine witbiu 

UT attflioral pbanomeaon. The ubatuu N0C180, obtunod b; WebM by tba 
MtioD of nilrotjl chlonda DpoD lulphuric uih;dnda bdongi In thii dus of oompaaada. 
•' "• Huf double «lta ol thi»iilpbane uid mn lowwn. tor iiiMi>n», PbSfi^tlm^afi^ 
IIH^ i CaSiO„SK,S^,EU,0, &c. (Fonnwi, 8chiKclisi, Fuck, uid oUmoJ. 
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tfith all bases, for such bases as alumina, ferric onide, chromium oxides 
and others do not give compounds with thioaulphoric atid, just aa they 
do nob form stablu compounds with carbonic acid. Whenever' theso 
salts might be formed, tliey (like the acid) split up into aulphuroua acid 
&nd sulphur, and furthermore the elemeDta of tbioKulphurio acid in 
many cases act in a reducing manner, formiDg sulphuric acid and 
taking up the oxygen from reducible oxides, Thus when treated with 
a thiosulphate the soluble ferric salts give a precipitate of sulphur and 
form ferrous salts. The thioaulphates of the metals of the alkalis are 
obtained difvcCly by boiling n solution of their sulphites vitli sulphur : 
Nb,S03 -h S t= Na,B,0,. The same salU are formed by the action of 
sulphurous anhydride on solutioua of thi; sulphides; thus sodium 
sulphide dissolved in water gives sulpbnr and sodium thioaulphate 
wtieu a stream of sulphurous anhydride is passed through it : 2Na]S 
-f 3S0, = 2NaiS,0, + 8. The polfsulphides of the alkali metals 
when left exposed to the air attract oxygen and also form thio- 
aulphates." 

<* Thn> Kben slkoJi wule, vhich coDtaioi cdBium (olphjdo, uodargsei oiidtllon in 
Ibetliil fint {orml ■ caldum i-alyiiaJphida, ud Iben ulDiom tbloaiilphit^ CilSiOj. 
Vlhtn inm or line Mti od ■ lolutiDd of lalpbDKtis uid, beiidti th« hfpaialpburou* Kid 
finllorioHl, BmUtortotiuIpbitguid Ihio^alphito is obit>in«d (N(tl« 39). aBO,-t^Zii« 
s ZnS0i + ZD3,0j. In tbii ciM, u in the loimitian of hjrpoaulphBrudt uid, Ibere ii 
no hTdro^n Ubented. Oua of the moftt common methodii for propimng bbiMotpbbCas 
Coaiuti in kbe actim d/nlpAur m llu alkalit. Tha nuftion i> uoompliihed bf lb> 
tocmttian of lalphiou *nd (hioiiilpbiloi, jnit u tb« rCKtioa of chkirina on tUnliB In 
Kcompiiniid by tbs [ormmlioa of bjpDchloritei nod chlsridei ; beoM.in Ihla tBipcel tb« 
thiototpbatei hold (he iamc position in tba order of tba compoiuidi oF ralpbor a* th« 
hypoobloriUK do among the ohlarine compounds Tbe raution ol cuilio wd* on 
%n earn ol mlpbur niny bs ciprEBWd thni : «N*HO -f ISS ^ SN>iS, -t Hli8g034 VBfi. 
ThoB anlpbur ii folui>lo in alkAlis.- On a Urgo tckla »dium thiotulfduA*, N&^^Og, is 
pnpRredbT Giil huling lodium BnlphitoniLb cbuvtAl, to fotratodiDm ■nlphide, which 
ii Ihea diuolved in watvr and treatad aritb anlphunniB anhTdride. The ruclion ii eDmr 
pltts <rben the aolntion hu b«omB tHghlly acid. A CBttaiii amooal ol eaDilic alkali is 
added to the ilightlj acid ulntion-j a portion of lh> Bulphnr i> thm picdpilvted, ud tba 
lololicn i> Ihon llollEd and BTBporat«d when Ihs »lt CTjit>Ili«i ODt. Tbs talunlioa 
Qf the Bolution of Bodiiun eolphide bj luJphurooa anhydride ia carried on in diflar«nl 
WAjB.— for example, by means of doke-tovers, by cansing Ibe eolulion of sulphide U> 
I ttickle OTu tbe coke, wid tbe inlphnraiu uihjdiide, obtained by bnrning ealpbnr, to 

pasa ii|i tba ooke-towfir from below. An cxdqbh of aalpbnrogs enhydrrde muet b« 
avoided, ■■ otbeiwi» M>dillm triUuonate is formed, Sodinm Ihiophotphale ii aim pre. 
pated by tbe double decDmpo«iti(.n of tha tolnble calciom IhioiulpbaW vilb eodinm sdI- 
plute or carbonate, in wbiqh case calciam sulphate or cubonata is precipitated, Tha 
thlcium Ibiosulphate ie prepared by the aotion ol lulphnrooH anbydrida on either caidun 
I inlphida or alkali wule. A dilnte solation of calcinin tbloBOlphate iql; be obtained by 

I treating alluli waits which has beea ecpoeed to the action of ait with wnter. On era' 

I. porntioo. this satutiou ^vea ciyslals ol the salt containing CaS^Oj.BBiO. A salution of 

clcium IhioBolphata mnsl be eiaporaled with great care, because olhorwiM the ult 
breaks op Into Bolphiur and calciain solphide, Eten tha crystallised sail BomMimea 

Change. 
ol sodioin thiostilphate an stabla, do dM eflbirese* andtt V dlwoln in 
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Although sulphur, oxidising at a. high temperatare, only forma » I 
•mall quantitj of sulphui-ic anhydride, SOj, and nearly oil pusses into ' 
tulphurous anhydride, still the tatter may be converted into ths higher 
OKJde, or fulp/iitrie anhydride, SOj, by many methods, Snlphurio 
anhydride is a solid oryatalline aubsUmce at tlie ordinary temperature ; 
itiseasily fiiaiblB(15°), and volatile (46°), and rapidly attracts moisture. 
Although it is formed by the combination of sulphurous anhydride 
with oxygen, it is capable of further combination. Thus it combines 
wit}) water, hydroohloric acid, ammonia, with many hydrocarbons, 
ODs put ol ntei. uid &t 90° in (TS pvt. The tolntioD ol thii lairdoci not uudarira 
aay chui^a wtian bailed tor » ahcirl time, bat ■titer pnOoDged bailing it depofliti ■fil|ihD& 
The m^l&la loM at M°, i-ai lose &1I iheir 'IiIct >t 100°. When iho dry ult ii IgniMd 
it giTn wdinm nilphids and tulphnte. With itcida, ■ ealation of the Ihionilphala aooa 
become! otoodj uid depoiiU u eiceediagl; flne powder ut laiphsi (Note 10). Jl Ula 
unoaDt ot uid ikddad be ooDuderable, it alio evolTee anlpliDroiu aDh;drida: Bi&)0) 
•. HgO + S + SO]. Bodioni tluDiulphntahABtnuiy prutiul uiei: it ia Died !d ^uAa. 
graphy for diHolving nlver chloEide uid bramide. Its Bolveot acticui oa ailirar chkirido 
maj be taken advaDlage of in extraoting tbia met&l ju chloride from iU otm. la 
dlml'iDg, it tonu a double aalb ot tilTer and K-dium: AgCI + Ne,li,0, ^ KaQ 
-tAgNaSjOj, SodiDis ChioialphaU iaan anlicAfor^Ihat ii, a substanoe oliich hiaden 
the dtetenctiTe Bction of fr« ctdorino owing la its bejng veij eaiilr oiidieed b; eUorino 
iBto antpharic anid aod (odinm chloride. The ceaotioD Bilh iodine ii dilTeniit, and i* 
remailiable tor the acenrac; with nhich it {mceed*. The iodine taltea up halt the 
■odinm fiam the aalt and ooDierta il into ■ IcIralhioDate ; aKa,S,0| -i- 1,- SNal * ((4,8,0^ 
•nd henee thia reaMion i* amplaf ed tar the delermination of bee (odiae. At lodin* t* 
evpelled from potafuam iodide by ahlorliie, it ia poaaible alee io determine Ihe Hnosnt 
of sbloriae bfthii method ilpotaBBiom iodide be added toaioliilJaa containing chlorine. 

Bhlorine from hydrocblonc acid (tor eiample, the higher oiideeotmanganeee, ebraaiiun, 
dEo.), it la alio poaible to determine the amoanU at these higher oiidea bf meani ol 
•odinm thioiulphete end Uboi^tad iodine- Thia foimft the baAiB of the iodnmetric method 
of lolonietrio uialjBii. The detaiU of theia methodi will be f otind ui woikl on uialftiod 

On adding 



M0°, 



on of a laad aalt gradoatly to a eolation of eodiom (hioenlpbata a 
recipilate ot lead Ibioiolpheie, PbSgOj, li tormed |a ealuble double lalt ia Bret 
Mid if the action be n^id, lead lulphide). When thia labitasce ia hated al 
osdoTEoee a (Junge and takes fire- Bodium thioanlphate in eoJittioD rafadlj 
eaprie eitlti to cupioiu eiUa by toeuu of the iDlphurDui add contained in tba 
but the resultant onproni oiide is not pracijatated, becaiue it pHsee into 
lie stale of ■ thioinlphate and forms a double salt. These double ODpraas talts on 
ncellent reducing agontB. The eolation when heated gives a black pmcipilita of oc 
lolpbide. 

The toUowing 
imong the other aeida of sulphur 



ently explain the position held by tbioralplmila m 



Bulpburons acid 
Sulphuric acid 
Thioanlpbnrio acid 
Hyposulphnroni aeld 



EflSOit but Popp ohtaJned the erihydrous laJta, 



SO|,H(OHl 

80,0 U( OH) 

S0,8B(0H 

BO,H{S0tH) 

SO,OH(SO,OH) 
tta of thioenlphnric iieid m 
id that their oompositioa vi 
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ind even with sulpliurie acid, boric and nitrous snti^drides, (tc., nnd 
also vitb buRs which-bom directly in its vapour, forming sulphates in 
tb« presence of traces of moisture (*-e Chapter IX., I^Ote 29). The 
oxidation of sulphuroDS anhydride, 80„ into sulphuric anhydride, SO,, 
is effected bj passing a mixture of the former and dry oxygen or 
air over incaDde«cent spongy platiuunt. An increase of pressure 
accelerates the reaction (Hanisch). If the product be passed int« a 
cold vessel, crystalline sulphuric anhydride i* deposited upon the sides of 
tite vessel, but as it is difficult to avoid all traces of moisture it always 
contains oompoandE of its hydrates; H,3,07 and HjS,0,i, whose 
presence so modifies the properties of the anhydride (Weber) that 
formerly two modifications of the anhydride were recognised. The 
same sulphuric anhydride may be obtained from certain anhydrous 
•ulphatoG, or those which are almost so, which are decomposed by beat, 
whiUt an impure but perfectly anbydrous anhydride is formed by 
distillation over phosphoric anhydride. For instance, acid sodium 
inlphato, NaHSO,, and the pyro- or di-«ulphate, Na^,0, (Chapter 
XII.) formed from it, when ignited evolve sulphuric anhydride. Green 
vitriol — that is, ferrous sulphate, FeSO^ — belongs to the number of 
those sulphates which easily give off sulphuric anhydride under the 
action of heat. It contains water of crystallisation and parts with it 
when it is heated, but the last equivalent of water is driven off with 
difficulty. Just as is the cose with magnesium sulphate, MgS0,7H|0 ; 
however, when thoroughly heated, this evolution of sulphuric anhydride 
does take place, although not completely, because at a high temperature ft 
portion of it is decomposed by the ferrons oiido (SO, + 2FeO), which 
is converted into ferric oxide, FejOj, and in cooiieijuence port of tho 
sulphuric anhydride is converted into sulphurous anhydride. Thus the 
products of the decomposition of ferrous sulphate will be : ferric oxide, 
Fe,0„ sulphurous anhydride, SO,, snd solphuric anhydride, SO,, 
aecordingto theequation ;. SFeSO, = Fe,0, + SOj + SO,. As water 
■till remains with the ferrous sulphate when it is heated, the result will 
partially consist of the hydrate HjSO,, with anhydride, SO,, dissolved 
in it. Sulphuric acid was for a long time prepared in this manner ■ 
the process was formerly carried on on a large scale b the neighbour- 
hood of Kordhausen, end Lence the sulphuric acid prepaiwl from 
ferrous sulphate is called /umiti^ Jfordhaiisen add. At the present 
time the fuming acid is prepared by passing the volatile produoU of the 
decomposition of ferrous sulphate through strong sulphuric acid pre- 
pared by the ordinary method. The sulphurous anhydride is insoluble 
in it, but it absorU the sulphuric anhydride. Sulphuric anhydride 
may be prepared not only by igniting FeSO, or sodium pyroeolpbett^ 
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KoiSiO, (the decomposition proceed* at 600°], bat slao by bMtiiig 
» mixture of the latter &nd MgSO, (Walters) ; in the former esse m 
stable double salt UgNs,(SO,), 6,iaUj remains. It is aJso obUined 
bj the direct combination of SO, and O nuder the action of spongy 
pUtinum or Bfibestos coated witb platinum black (C. Winkler's pro- 
cess). Nordhauseu sulphuric acid tumeain atr,oiring toita containing 
and easily giving off sulphuric anhydride, and i( is therefore also called 
/vminr/ gulphuric acid ; these fumes are nothing but the VHpour of 
Bulphuric anhydride combining with theinoiiture in the air and fonutDg 
non-volatile sulphurie acid (hydrate).** 

Kordhauseu sulphuric acid contains a peculiar oompotmd of SO^ 
ftild H,SP,, ot pyrondphuric acid : tin imperfect anhydride of mlphurio 
acid, H}S]Ot, anaiogous in composition with the salts Na,S,0;, 
KjCfiO,, and bearing the same relation to H,SO( that pyrophosphorio 
ncid does to H^FO,. The bond holding the aulphuric acid and 
anhydride tx^ether is unstable. This is obvious from the fact that tho 
anhydride may easjly be separated from this compound, by the action of 
heat. In order to obtnin the definite cotopound, the Nordfaausen acid 
is oooled to 5°, or, better still, a portion of it is distilled notil all tba 
anhydride and a certain amount of sulphuric acid have pasard over into 
the distillate, uhich will then solidify at the ordinary temperature^ 
because the compound H,SO„SU, fuses at 35°. Although this sob- 
fctance reacts on water, base*, &c., like a mixture of SOj + H,SO,, stitl 

^ NonHunvm eulplmric arid may iflrrfl &i i rerj fliiupln mauifi (or thfl pnparfttiaa 
ot sulphuric uibydrijd. For tliia purpc» the Knrdh&uHa ikcid ib hctlfld in a sIhs 
ntoTt, «hoK D«k it finil; Giad in UiB moulli of ■ well^noled Sulc Tin uoh* nl 
Dulktoro la prevealad bj counectitig th* ndri«er trilh a drriag.litb*. On haatrnjr Om 
nton til* Tapoari at ■Dlphuiic aulijdrida Bill pus orn inlo the nccivu. vIkm Umt 
condsDu^ Uie crjiUli ol iLDh;d(ide thai prepim] vill, huwarer, cohuId Ineo irf 
iDlphoric acfd — that it. o' th« h^dnte. Bj npeatadlj diittUing over pboiphoria 
anhydride, it i« poaaibla to ahlajs tin pan auhydnde, 8O3, capBciAUy it the ptoeov ba 
cairisd QD withont vxen ol air in > eloasd naaoL 

Tbe0Tdiiuu7 ■nlphnris anhydride, ohicbu imperlMll]' bMd IroDi ttmAjdnts, la a 
BBOB-wliito, eiceedingly mlatile mbttUM, iriiicfa crytlalUan (ganonltjr by tubliination) 
Id tonii ailky priimi, and oaly givai tb* pun anhydride whan cuvlully diiUUad a*«t 
P,Q,. Pnibly pnpued cryeUli ol aJmoat para uihydnd* loaa a> 18° inio a colowlaM 
liqDidIi«ingaapeviHcgTarityatae°-l-|>t,aiidat<r-l'Sl; it voUtiliaeaat tS*. AtlH 
belns kept for aome time the anhydride, even fontainin; only amall traAti of water, 
undargEjea a changr of the f^lowtni^ nature : A arnaU qnantity of aolphorio acid eeo' 
bind by degreu with ■ laige pruportien of iha anhydride, fonniBg polyiolphorie aetdf^ 
Hi|3O,,aS0^ which luM with difflculty ieren at 100^, Huignec), bat decompOM whaa 
heated. In the entire aUence of water thit riae in the foijng point data not ««Br 
(Waber), and (faeo the anhydride long ranwina Uqnid. and aolidifiea at aboai • 1S°, rola- 
(iliiea at W, and haa • apeoiBc gnrity 1-M at 10°. Wa nuy add that VTahar (IMl), fey 
treating lulphoric anhydnile with aulphnr, obiaJned a blue lower oiide a( aulphui, SgO^ 
8«l*Bton and lallnrinn alio gin viaOax pTOdaDte with 80^ Se SOi. ud TeSO^ WaMC 
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■inca a definite eompoaiid,_H,8]0„ exist* in a free state and gives s&lts 
ftnd a cbloranhjdride, S,0,CI|," we mu&t admit the exislonce of b 
definite pjrosulphuric acid, liko pyro phosphoric acid, only that the 
latter hoi a fargreateratabilityaiid is jioteveii converted In t6 a perfect 
hjdrate by water. Further, the lalta MjSjO, dissolved iil water react 
in the same manner as llie acid salts MHSO,, whilst the imperfect 
hydrates of phosphoric acid (for example, PHO„ H,P,0,) have in- 
dependent reactions even in an aqueous sotulioii which distingiliih them 
and their salts from the perfect hydrate*. 

Stilp/turic acid, HjSOj, is formed by the combinatiou o£ Jta anhj- 
dride, SOj, and water, with the evolution of a large amount of heat ; 
the reaction ^0, + H,0 develops 31,300 heat units. The method of ita 
preparation on a large scale, and most of the methods employed 
for its formation, are dependent on the oxidation of sulphurous 
anliydride, and the tomiation of sulphuric anhydride, which forms 
sulphuric acid under the action of water. The technical method of its 
manufacture has been described in Chapter VI. The acid obtained 
Jrom the lead ekambera contains a, coniidorable amount of water, and 
is also impure owing to the presence of oxides ot nitrogen, lead com- 
pounds, and certain impurities from the burnt sulphur which have 
come over in a gaseous and vaporous state (for example, araenic oora- 
pounds). For practical pur(*ses, hardly any notice is taken of the 
majority ot these impurities, becauseihey do not interfere with itsgeneral 
qualities. Most frequently endeavours are only made to remove, as fai* 
as possible, ail the water which can be expelled.** That is, the object 

" PjiMolphnric diloranliydride. or pi/ronilpJiKryl tUoridt, SjOsCIb eontipond* 
IIS f*j Uut lulphiujl chloridn, 80^,, eomipond* 
lidB B.ACl,>SOiCl, + fiC,. II i* Dbuinad bj th« 
oihydra* OD mlphor cHorido: S,Clj + B80i-SSO, 
+ ti^iCJ,. It i> >lw tormHl (anil uol auliiburjil chloridf, 80^1,. UichivKi) by Uie utJon 
of photptionu paaUdblaridfl in tirc«Ba ou tdlphunc acid (or iti Bnt chlonnhjdridfl, 
8H0:CI). It h « ailT bquld, bailing nt ■boat IW, ud of ap. gr. 1-8. According to 
KODOnloff ICIapttt VII.), ila vnpour Jentily ii nonnd. It mlioHbl bi notiocd Hint the 
uuae inbatAuca i« Dbt&insd by tbe Hction of Bolphuric uihydride on aulphuT t^tnicliloride, 
■Ad nUs en iwbon t(ti*oUarid», ud Ibii subiluu* ia Uw Ual product of lbs nelalvput 
of ca,, ud tbanfan Iha compuiaon ol SCI, and 8/:ii wttb prodocti ol nuUlepaia {ih 
Ww) alto finds ootBrmLtiaD in puticuW leactHuu. B«e, vho obtained pymnlpharyl 
I. BiO|CI(, ngurdsd >( ■■ BCIa,*EK>> for ■! tbut lima ui «id«iTODi wu slwij* 
Dnipon«nt p«rta of oppoaite polvilj, and thia aabetauice waa cited na a 
ice n( a bciacbloride, SC],. Pycoaulphuryl clilDtida ia decompowd bj 
» alowlj tbon ehloroaulpharic Mcid and tba otbar cbloraiOiydndea. 

^vf«9i pyroflulphutie acid and tb« normal acid will be abriooa if va 

t lpa aae Ibi Uttu by Iha lonnuU 0B(SOjH|, beoania ths ■Dlpbonic group (SOjBj ii 

IboB eTidinilly eqainlcnt to OH, and canieqncnily to H, ajid if we rsplsoa both the 

lljdiogen* in water by Uiii radicle we ahall obtain (SO]H>,CI — thM ia, pyionlphnric Mid, 

•* Tbe nmota] ot the water, « concentnliDn to almoal lbs real acid, 11,80,. li 

io Ibe llril pixre (o acoid tb* eipenae ol InuiHt (it ii i^beapn 

•II 
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ta to obtain the hydrate, HjSO,, from the dilute acid (60 par cent.), 
and thio is effected by evaporation by meona of heat, Eceiy given 
mixture of water and sulphuric acid begins to part with a certain 
amount of atiueoiu vnpour when heat«d to a certain definiu t«nip«ntnre. 
At a low temperature either there is uo evaporation of water, or then 
can even be an absorption of moisture from the air. Ae the removal 
of the water proceeds, the vapour tension of the residue decreaws for 
e temperature, and therefore the more dilute the acid the lower 
the temperature at wliich it gives up a portion of its water. In con. 
sequence of this, the removal of water troin dilute eolutiona of sulpha 
acid may be easily carried on (up to 75 p.c. HgSOi) in lead 



1 




beoause at low teniperatures dilute sulphuric acid does not attack lead. 
But as the acid becomes more concentrated the temperature at which 
the water comes over becomoi higher and bigher, and then the add 

lo nmo« Ibe wiwt ttuui (a piy lot it* Inniit), ud In tko Mcatid pines baunt* dudj 
prooHHi — lot iiutCBM, th« rcflniiig ol patrol«nm— T*i|ain a •tnmi uid fn« boa ta 
FiMu o( inUx. til* ntk Kid luiing no utlm. Wbio [n [h* nauuUctun el ch*mt>*t 
uldiballi tba Oaj-Lnuu •owcr (oold, liluUd at tlw and of At cliamben) and tfaa 
Otovw lowot (bot, (illuUd tX tba begiDDfng of Iht |>lut, bMwHii tha cbatnlMn ud 
nrsna tor tba pioductiOD of 80,) an e[itpla;r«d, • miitiun of oitRH (i.e. ih> ptDduclof 
Uie Oar-Laauo tonar) uxi cbanibcr acid coDluniag about eo p.e. H|90. u txnirad 
into tlu OloT«r towar, whan UDdai Iha action ol tha bot InmiKe ga«* caDt*iiiiii( 80,, 
and the wat<[ beld in ll» cbunbH acid (IJ NiO, >• avolvcd tnm Iha nilnMa ; (3) waM 
ii eipoUed Irom tba shunbsT acidi (8) a portion of tha SOi it coovarted into a,80| 1 
ud (1) tha tunaoa gueg aia coolad. Tfan*. anuflgat othai Ibinga, Ih* Olnac tome 
boOiUlaa tba ooDMnlntios of the dumba aoid (»mo*al ol Ofi), bst tba (ndati 
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b^na to act on lend (with the evolutiga of sulphuretted hydrogen and 
conveniioo of the lead into sulphate), aod therefore lead vessels cannot 
be employed for the completo removal of the water. For this purpose 
the evaporation ia generally carried on in glasB or platinum retorts, like 
those depicted in iigs. 87 and S8. 

The toTv:entration of mlpiiurio add in glMS retorts is not a con- 
tinuous process, and CDnaists of heating the dilute 75 per cent, acid 
until it ceneea to give oQ* aqueous vapour, and until acid conUuning 
93-QS per cent. HiBO^ (66° I!aum£) is obtained — and this takes place 
when the temperature reaches 320° and the density of the residue 
reaches l-8't7 (6C° BaumS).'" The platinum vessels designed for the, 



pj- 



uontinuous concentration of sulphuric acid consiEt of a still B, fomiahed 
with a still bead k, a connecting pipe E y, and a syphon tube h B, 
whioh drewB oGFthe sulphuric acid concentrated in the boiler. A stream 
of sulphuric acid previously concentrated in lead retorts to adensit; ot 
about 60° Bauin£ — i.e. to 75 per oent. or a sp. gr. of 1'7 — runs coa- 
tinuoualyintothe retort through a ^'pbon funnels. The apparatus is fed 
froni above, because the acid freshly supplied is lighterthan that which 
has already lost water, and also because the water is more easily 
evaporated from the freshly supplied acid at the surface. The platintua 

H mie dilGcBlt; with wUch Uu lul partuau ol nts m ramovcd is tarn trom Vbt 
hd tli*t the boiliDg b«oordet very inegulu', totalJf ***«^"c ftt ana moouiit, (it^n caddflil j 
rtilMm Bflfein, with the npid f«m*tion ol ft <XHiiidfli«b]* jUDOUnt rA Meua, uid at tbe 
■una tima bnniping Hid mn omtnnune lb* tomI in vhieh it i* bald. Hsnoa it ii not 
• nn ooeDnanie lor tfaa (lui latorta Is t-nak during tba' dirtillmlton ; tliia ohm* 
iJa^inTTt ntorta to be preferred, aa the boiliug Iban pntcaeda qnjla Oiufomilj. 
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retort is heated, and the steam coming off " is coadenaed ii 
F G, whil.'it as fresh dilute acid is supplied to ihe boiler the ncid already 
conceotratcd U drawn oif through the syphi>ii tube a 6, w^hich is 
furnished with % regulating cock by means of which the outflow of the 
concentrated acid from the bottom of the retort con be so regulated 
that it will always present one and the same speci^c gravity, corre- 
sponding with the strength required. Forthis purpose the acid flowing 
from the syphon ia collected in a receiver R, in which a hydrometer, 
indicating its density, floats ; if its density be less than 66° Baumf^ 
the regulating cock is closed sufficiently to retard the outflow of lul- 
phoric acid, so as t« lengthen the time of its evaporation in the retort.' 



me rewru - ^^^_ 
leroiurt el (bo ^^^| 



The Iuut flgiuea give tfa« (einpcmtim nt irUch wsMr ii sully oipolled Inn kJh- 
liDU of lalphuric iHid ol difleroat atr«ExgUiL But tbo OTAp^j-ntisu boKias ■ooaar, tt\A 
tOHontntion du; be canied on at Inner tempenturei If s ■tretm of sir be r«<«iil 
through Ih* uld. Ke>iler*i piKXn ia bu«d apon Ihli (NoM 4S). 

" Tlie gn«leit put of the lalphnrio tcid it axd in the ind> nunuhwtorf. In the 
eanveniim of Ihs comiaon tail into lulphata. For thii purpoas ui uid h»vJB( ■ 
deniityof KO" B>mn< is tmpl j loindoDt. ChiuIibci(cidhii9>den«t;Dp la IlT^BO'to 
SI" Bumf i it conUiu ibont St per sent, of witet. Aboalll perciaiLDtlhliaalRan 
1w niaavtS in Indea ililli, uid Deuljr •!! the rcnuindeT mny be ((polled in glut ot 
pUtlnoDi veieaU. Aoid o( (6° B(sm<, •> I'MT, oaotiun* nbogt 96 par eenl, ot Da hjrteU* 
BiSOr The deonlj (dli with ■ grulsr ei Im* prDpoctloi of •utei, Iha mtxiwiiM 
dan^ty Oorteapooding with P7i psr cent, of Ih* bjdnte H2SO,. The cvncentniioa ol 
HgSO, in pUtiDBm ntorU hu the diudntntega thil iDlphniic uid, opvuda «tM 
peresnb. In ■breDgUi. dona corrode pUtlnnai, Kllhoogh but illglitly(a (ow gmna par tens 
of lona ol Kid). The retpiM Uwralon roquire repalTlDg, mid Ike coat of tbe r'-"-"-i 
eiceedd the price obtained for oonaeDtiLtinp tho ncid froiu 00 per cent- lo 03 per caoI. (la 
tMtoriat tha Kid la luH concentnted bayoad thi* by aiapoialion In the aii). TU* ioeoB- 
venience haj lately (1891, by Uathay) bMo eliminated by uMting Ifaa iulOa of OtJ/l—k 
DUD T^lorLa wilh ■ thin (0-1 lo O-m cud.) Uyst of gold which ia 10 tinualea eonodadl^ 
folphuia acid Lhu plalinum. ll*gt\a (ISM) caniea on Ihe diililklloD In pombiB 
41aheB, Bloud by heating t, thin plttinnm wire immened bi Iha Mid by nwHU tt as 
«l«ctiii) cuirant, but tha moat pnmliiDg matbod It that of Kaubr (UU). lAloli MoaMl 
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Strictly spenling, sulphuric acid w not valali/t, and at ite eo-called 
boiling-point " it really decompose into its anliydride and water ; its 
boiling-point (336°) being nothing else but its temperature of decom- 
position. The products 'of this decomposition are substances bailing 
mDeh below the temperature of the decomposition of sulphuric acid. 
This conclusion with regard to the process of the distUlation of sul- 
phuric a^ id may be deduced from Bineau's observations on the vapour- 
deiisity of sulphuric acid, This density referred to hydrogen proved 
to be half that which sulphuric acid should have according to its 
molecular weight, H]SO„ in which case it should be 49, whilst the 
observed density was equal to 24-5. Besides which, Marignac showed 
that the firat portions of the sulphuric acid disLllling over contain less 
of the elements of water than the portion which remains behind, or 
which distils over towards the end. This is explained by the fact that 
on distilUtion the sulphuric acid is decomposed, but a portion of the 
water proceeding from its decomposition is retained by the remaining 
mass of sulphuric acid, and therefore at 6rst a mixture of sulphuric 
aiud and sulphuric anhydride — i.e. fuming sulphuric acid— is obtained 
in the distillate. It is possible by repeating the distillation several tuues 
wd only collecting the first portions of the distiilale, to obtain a 
distinctly fuming acid. To obtain the deGnite hydrate H,SO, it is 
necessary to refrigerate a highly concentrated acid, of as great a purity 
as possible, to which a small quantity of sulphuric anhydride has been 
previously added. Sulptiuricacidcontaiaingasmall quantity (a fraction 
of a per cent, by weight) of water only freeics at a very low temperature, 
while the pure normal acid, HiS0,,Bolidi6es when it is cooled below 0% 



than i> no tniling liDt 
Iho txal >■ dinot (nud 



.[t ot« ■Dlphnric uid flooing b 



itilllllG 
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<(p. .gr. I'BI), itii imittisible U 
tiDtlungcd. Tlinliililtatiinnif nlphar 
flOikl«, bul forma « Ikburmtorr pro«;s!i, om^ 
Tbe iliitilbCJea [■ eftsded aithu in pUtio 
deiden uid nooivan, or in gUfig retortH. 
be^kou Ihfl boiliag of Bdlpharid acid itmA' 
gHMMi Irr^^Urity Dun nvgn 
111* Kid. U the glui retort ■ 
bwled dircvUT l»ra below. 
beUing ia not effecled Irom bt 



; Lbe tjinifarenoe of 



n denutj at 00° Bins 



in partieolirlj puts uid ii required. 
1 ramiflhcd with eorrvftponduig con- 
tur uu, grut cnulion la oeceHu;, 
puiiedbiT atill Butrt violept jerktuid 
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liich lioida the atFong nlphurio Acid lo b« dlalillad ho 

( frequentlf ierki- ud brHka. For greater aalelf Iha 

law, but al Uie niita ol the retort. Tbe rvapontioii Ihen 

LHft, but only from the upper portiona of tba liquid, and 

ell;. The loid □>■> be m>da to boil qciieUy alao bj 

d eaodnciorfl of heal — lor eiuripte, iron filinge, or b; 

fnUDFTming aboneh of pUliDUm wires iu iheseld,ea thebubbJeeof niphtirtciK^ Tspoof 
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and therefore the normal acid fi«t ctyatalliaea ont from the cancen 
trated sulphuric acid. Bj repeating the reCrigemtton several timn 
and pouring off the uilsolidified portion, it is possible to obtain a pure 
normal hydrate, HjSOj, which melts ot 10°'4. Even at 40° it gives off 
distinct fumes — that ig, it begins to evolve sulphuric anhydride, which 
volatilises, and therefore oYen in a dry atmosphere the hydrate H^O, 
becomes weftker, until it contains l\ p.c. of water.'* 

In a concentrated form sulphuric acid is cammerciatlf known as oil 
0/ vitriol, because for along time it was obtained from green vitriol »nd 
because it has an oily appearance and flows from one vessel into another 
in a thick and somewhat sluggish stream, like the majority of oil/ 
substances, and in this clearly differs from such liquids as water, qilrit, 
ether, and the like, which exhibit a far greater mobility. Among its 
reactions tha first to be remarked is its faculty for the formation of 
many compounds. We aJready know that it combines with its anhy- 
dride, and with the sulphates of the alkali metnts ; that it is soluble in 
water, with which it forma more or less stable compounds, Sulphnrio 
acid, when mixed with water, develops a very considerable amount of 
beat." 

Betides the normal hydrato HjSO,, anolhtr d^finiu hydrate, 

" Tbu« it iLppeua thai u> common, uid kppitrenlljr » ttible, m coDiponiid at nt* 
pbaciq uid daooinpoicB eitn it & lour teapenlare wilb HpuatioD ol tbo uihjdilds, bat 

thiiil«ompD«itioniste«iictedbyilim:i,(»troip)Baiqgtolbspiot«nMor»boni Jlp,*. 
of wiWi, or 10 ■ CDiDiMiiiiciD ol neirlir HiO,13H]SO,. 

it it u oquiUbntad ■jritem wbicb doea not decompOH under oidiDuj ,:iRniiutuit« 
b«lDW SSS'. IMltiiiu carried on tb« ditttlktioa oodir preuuni nryiDg betnHO W uid 
S.ItO millimetroi (at mermiri), uid he [ound tlul tba compmitioa of tbo niidoa hirdlr 
vuin, uid contajna from 991 to OS'S per ueat. ofthe nansiil hTditte. dlbonfib M Wnua. 
the tempentare ot dirtilUtign is itiout 310° uid •( 2,110 mm. ii ii tRf. Furtbarmsn, 
it i< K tut o[ pncticBl impoituioo Uul under ■ preaaur* of t«o ntDunpbeTu tha dit- 
HlI«tion of siUphurio uid proceed! vorj qoieHy. 

Snlphuric ici^ mtjr be jmrifUil tmm Ibe mijorit; ol ili inpuhtiei bj ditlill*(ioni il 
Lhs Gnl tod lut portions at the diUiUiite be rejected. The flrtt portim* will eoDtain 
tha orldea ot nitrogen, h^diocblorin uid, tit,, mid tbo tut portiou Iho leH Toktibi 
imporiLiea. The oiideaol nitrogen mnj be remoied b; hmling the tcid nith cfaajoea], 
whioh conierte them into ToUtile guei. Sulphnric acid may be freed from anenw bj 
bo&ting it with mAngauoae dioxide uid then diilklbng. Tbia ojiidiiea all the afiehio iato 
non-volslile anenio acid. Witbaot a praliminuy oiidation It muld putiidlj remsih >a 
voUtile anenious Mid, aitd might pui over into the diatillata. ThiB aTHDie maj stoo 
be driToDoabTflialrednringit toaneoioai ecid.'uid then pttaiog hjdrDcklDiU Mid 
gaa UiroDgh the healed aj^id. It ia then cosTerted lata aTMnioDi cUoiide, «Ueb 
volitiliaaa. 

" Th« funonat ot hekt derelapad by til* ralitnm ot aolphnrie acid vitb *at«t la 
eipieHatl in the diagram on p, IT, Volame I., by the middle cime, wboie iibinliaai tn 
the perceolage amonola of acid (H^OJ in the leanltant lolation, and ordiiutca the nan- 
bar of nnit* ol h»( Doneaponding ■ilh the tomuliDn ol 100 cubic cenlimetrva nl the nla- 
tMKi <al U*), Xh« oalMlalim* on which (be Mm 1* d*«i(Bed an baead oo Thapuan's 
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tH^O (uoording to UArignu uid FitkaaAlari, 
and T foi theriie in tempentnra nliioh proceeds fiamlbBmiitartBlHiSOi with mH,0> 
The-JiAgrun ifaowH Uut Doatraation ud tlh oE tempBTAtUTB proceed ilipait puiUlBt . 
«ltb well cOitt. 

W" PieVcriig (1890] thowed (a) thnt dilolB «oliitioiu of Bulplioric ncii coBtaininj 
tip to HiSOi-*- lOH^ depofit ice (at - 0°'ll vbei there i( a,O0O II jO per UgSOu >( - 0°'S3 
when then ts I.OOOU^. it -l^'Ol when tbere !■ aaOB,0, tt -a°'ia when then ii 
lOOBgO.mt - J'^S when then a SlSafi, at - If'T nben there I* SOHgO, Koil >t - 61° irtwii 
the wmpailUon ol the solution is H,804+1I>H^); (b) Uul tor higher esnocDintioiii 
^ns^sl* Sfliursta out st s foniiilenhle degree of eotd, hsving the cODipOflitioa 
II,SO,lH,0, which melt Bl-ai°-I,indir eith^wUeiDi HgSOt be sddad to thiaeoni- 
pound the lemptiutun Ol ctyilsUiutionfall", so thst e wlutiOQ of the eompOBition 
lllt,BOi+lWH:,0 giyes cirstals ol the sboTo hjanto »t -TO", IBHjSOi + lOOH^ 
•I"1T°, U)II,SO, + tiMB,0ftt -a3°,taBi3O,-flU0H,Oit-B3°; (c)that if theUDOUOi 
of H,80| be still gresMr, then a hjilnte EgSOiHgO sflpuit[«9 out siid melts al -t- a°-|l, 
irhila Um addition ol vslei or sdIi^huId acid to it lovers the tsmperaiace of crrstsUUb- 
tion so Ihet tlie errstaUiiatioB of HgSO^HjO from a eolation of the compoailioD 
H^0,+1-TSH,0 takes plaof at -iH^. H,SO, + l'SU]0 at -0° t, Ui80,+iaH,0 at 
+»»7. Hs3O,+O70B,O •» +«°'B, HiSOt + O'tHiO at -lO"; (rf) that- when then ia 
less tliao «OU,0 per 1[K)II,S0„ Tcltigention separates out the iiomial hydrate H,SO„ 
whish melts at ^ 10«-8E, sod thst a salulion of Che eompcHitiba H,HO, + a-UH,0 daposili 
OTstale of this hydrat* at -W, U,80, ^ O'lOHjO at -1' I, UiSO.t(H1tB,0 al 
+ t°4. while Inming avid ol the compcHition H,SO,4-OSI580,il«powt> HiSO.al s]»at 
+1°. Thus the tempsTslnre of the separation ol erynlali elcai'lj' distingoiihes Uia 
ab»o lonr ngioos of wloliana. and in tha apace between HiSO, + HgO and + 3£H,0 
a partionlar hydrate II,80,4H]0 separates out, dimoTsied by Ficlieriiig, thu isolalioa 
ol whlcli deserrot full ■(leation and fnrthet twearoh. I iiiajr odd hat tliat ihc eiiitenee 
ol-ahjdrate HgSO.IHjO was poi^ited oat in m; work, Tht Iimiligaliaim/ A^utvui 
Sohttioif.p. 110 (leaT), upon the basis that it hss at all temperatarei a sniaUer laloe 
lor the ooeffidont ol eipaneion k ia the (armDla 8i = Sg (1-*>| than the adjacenb 
(in tompoution) solDtioni ol lulphoiic acid. And lor solution* appraxlmat^ to 
HiSOilORgO in Ihair onmposillon, k is. constant al all lemperalurei (ior luon dilnla 
solutions the talue of k incressss with ( and for more cODCentrated solutions it daavases). 
This* solDtion (with 10H,0) forms the point of transition between mere dlliita MlDtiau 
which deposit ice (wslcrjwhsn' refrigerated and thow which giTecryslalsoJ HgSO(lB^. 
According to R. Pictet (ISU) the solution H,S04 lOHp freeaes st -68' (but IM 
reference is made as to what sepArstes out), ue- at a lower temperature thria all tba 
other wilalianB of snli^Dria aci4- Uaweier. in respect to these latC remrohss ot 
R. Pictet (lor 88-88 p.e. H,SO, -Bs^ for HjSO.H.O fS-i'-, for Hi30.aH,0 - 70° lor 
H,e0.4IIiO -to", &€.) it should be remsrlied that the; offer some qnile isprobaUe 
data; lorexampb, lorHgSOiTEHidthergiTethefieesuigpobilaB 0°, lor B,gO,8WH^ 
■^ (°'E, and stsd'Iot H,8O,100aH,O + O^S, slthoogh it is t: ell known that a small amount 
ol salphuric acid lower* the tempciature ol the [ormatioaof ice. I hare found hj direct 
that a troien BolidiScd aolulion ol*B]S0,.i-3(XiH,0 melted. complelclj at 0«. 
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uded prisiuii, which form above O'^namely, at about +8'''5 ; when 
heated to 210° it lose!, water.^' If the hydrates H^, and H,SO„H,0 
exist nt low temperatures as dednite crystalline compoundB, And if 
pyrosulphuric acid, U,SO,SO], has tlie same property, wad if tb«y »U 
decompose with more or less ease on a rise of temperature, with tbo 
disengugement o( either SOj or HjO, and in their ordinary (wTO 
present all the properties of simple solatioris, it foltons that b«tweea 
sulphuric Bobydride, SO,, and water, H,0, there exists a eon- 
aecutive series of homogeneous liquids or solutions, among which «re 
must distinguish d'finile compoundt, and therefore it is quite ju iti fla h la 
to look for other deliiiite compounds between SOj and H,0, beyond tMft 
conditions for a change of state. In this respect we may be guided bj 
the variatioa of properties of any kind, proceeding concurrently with a 
variation in the composition of a solution. 

But only a few properties have been determined with suffiMaat 
accuracy. In thoxe properties which have been determined for BiM^ 
solutions of sulphuric acid, it is attuiiUy seen that the above- mentioned 
definite compounds are distinguished by dlitiuctiva marks of changq. 
Aa an example we tnay cite the variation of the specihc gravity with & 
variation of temperature (namely K =<hjdl, if < be the sp. gr. and I the 
temperature), ^or the normal hydrate, H,SO„ this [actor is Mail; 
determined from the fact that — 

.=ier>28— 10-65( + 0-013(', 

whore t is the specific gravity at I (degrees Celsius) if the sp. gr. et 
water at 4°=10,000. Therefore K=^0-66— 0-026(. This means that 
at 0° the sp. gr. of the acid IIjSO, decreases by 10C5 for every rise of 
a degree of temperature, at 10° by 10*39, at 20° by 10-13, at 30° by 
9'8T.** And for solutions containing slightly more anhydride than 
the acid [I,SO( {%.'.. for fuming sulphuric odd), as well as for aolntiana 
containing more water, K is greater than for the acid H^O,. Tboafbr 
the solution S0„2H,S0„ at 10° K= 1 1 0. On diluting the acid H^« 
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" Willi uuuMDl «imt,UwhydrHeH,80„B,0,Ukall«,notiniai.!*«».fl™a 
bwelog mii(an>. awing to Iha nbrnption of > Ui^ usount of li«(t IUm hMnt hM* 
ol taiioD). In melliog, th< moltcole H,SO, itb»rbs VM be*t uniU. ua Iba DHdHala 
B,80.H,O g.eao htat omU. U tbsreton wc mix UM prun mobiculB »( Ikii hydni* 
•ith wTenlwn gtsm fnolecalM ct ibow, thm ii ui nhnnrrUon ol 1B,I(80 tawtiwitik 
WuM 11H,0 aliHrbi 17 ■ 1,180 heU nniu, ud Uia «aibu»lioa ot Ui« noDohjdrato 
Willi nMr arclTei O.SOO b«l Bolia. An Iha fpMiSc heit ol Uu molUni caafmaA 
KfiO„\ai/i - frSll, ih« r>ll of tcmpoTstun will t» - SS° e. Ada, in tKi, * rmj 
low tonpcnlan majr b* obUiiisd by meui of talpburie Kii]. 

M For wunpl^ il it b* tdim Uul •! 10" thaiik.Kr.ol pua, ■olpbaila Htd.ia t-IHO, 

than M W> it >• i-ssao- [w - u)iD u- I'sno, 
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K ogftin increases nntU the form^.tion oE the solution H,S04,H,0 
(K=ll'l at 10°), and then, on further dilution with vnter, it again 
decreases. Conaequantly both hydrates H,SO, and H,SO„H)0 are 

here eipressed by an alteration ot the magnitude of K. 

This shows that in liquid solutions-it is possible by studying the 




I 



^H Uon BjSC 



*11UV. 



variation of their properties (without a. change of physical state) to 
recognise the presence or foroiatioa of definite hydrate compounds, 
and therefore an exact investigation of the properties of solutions, of 
tlieir specific gravity for instance, should give direct indications of auch 
compounds.'' The mean result of the most trustworthy determi nation b 

» UntoitiiDttitr, notwithitaudiiig Iha great Dumber ot Ingmsaluy uii] sjitcnulio 
reMDrchsB which bsra been mode t.bj Pu-lii, Vrr. fiineun. Kalbt, Lunge. MutgnM, 
Krenwn, Thomion, Pskin, and otben) lor delsnnlDing lbs Telatioa belvern Iha qi. gl. 
•ad composition ot (olnljoni cl tulphniio uid, they codUiq dixreiJiuiciea which ■mDOal 
•.i, O'DOt in the ep. gt. For iniUnce, st 15°'t ths ulutioa ot compoai. 
,SO,3HiO iMs ■ ap, gt. 1M9S Mcording to Porkjn (IBM), ISWl sccordiog lo 
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of this natare is given in the follovrtng tables. The first of these tables 
gives the specitic gravities {ic vacuo, taking the sp. gr. of water »t 
4''=1), at 0' (column 3), 15" (column 4), and 30= (oolumn 5),""> for 
solutions having the composilieu H,80, + ?iH,0 (the value of n ia 
given in the first column), and containing p (column 2) per cent, (by 
weight in vacuo) of HjSO^."'-' 

100 



516 


1-0374 


1-0341 


1029^ 


9-83 


1-0717 


1--0666 


10603 


17-88 


1-1337 


I -1257 


1-1173 


26-63 


1-3040 


M939 


1-1837 


35-25 


1-2758 


1-2649 


1-2540 


40-50 


I'3223 


1-3110 


12998 


4T-57 


1-3865 


1-3748 


1-3622 


6213 


1-4301 


1-4180 


1-4063 


B7-65 


1-4881 


1-4755 


1-4631 


64-47 


1-5635 


1-5501 


1'6370 


7313 


1-6648 


1-6500 


1-6369 


84-48 


17940 


1-7772 


1-7608 


Bl-59 


1-8445 


1-8284 


1-81318 


100 


1-8529 


1-8372 


1-8221 



g (IWO), u>d 1-UU according (o Lungs (tSM). 
Bnpuiciea moil be Iwkcd tor in tbs mclhodt employed tul di 
of Iha ulationt— i.i, in Uie inaeciuuy viUi »liieb Uui p««nil*«e unoonl d[ HgBO, h 
detemunwl. for ft diOeKiice ot 1 p-i:. eorreipaDiIi to* diflerenn of Irom O'OOm (tow yttj 
ve*k nlatLona) loD-OllS Ifoi ■ williluni conUining nboat 7B p.c.) in tba iiwiiflD gnritf (Ihit 
1> Uie fulor ililip) at 1S°. As it ■■ poiiibls to dateimins the qwiafia grdTitj uUh *B 
tenmcT stod gic»duig O-OOOa, lh« ■pecJBc giullies giTFa in the idjoiDiDg lablai 4n 
ml; Hanges uid moat {irubKble dila in which (be emi, especimllj lor Uw SO — M pA 
Ktnllioiia ciuinat be le» thu O-DOlo (bikmg iriler at t° u 1). 

*I '■■ Judging (ram the best eiitling dettmiinfttioDi (ol Harigiu^, Kmnm, «sd 
Pickering) tor ulnlioos of anlpbiinc acid (eipecially Utoae ctmlaiaiDg mnre tlito t pA 
H,SO,) wHhiii the limits of 0° and 10° (and men to 40°), the variation ol the qi. p. wUi 
the temporature I may fwitliio the accuracy ol iha ciitting detenDinationeJ be perfectly 
eipreisad by the equation S,-'S»-i- Al + BI'. It moat be added that (1) Ihnoaiacafla 
grafilie. loUydelcnoinothBvariatiQnol the density withf; (a) dijdt = i. 4- iBt—ij. Om 
factor at the lanperatura ia sipreued by a etraight line; (S) the TaJoe ot A (if p1» 
jTCater than Sp-c.) ia negatJTe, and niunecically moch greater than B; {() tbevalDeal 
B for dilute ulution? containing less thaji 36 jm;. ianegati^; lor aolationa approKEmating 
to HiSO^H^ in theii compoiition it i« ei]na1 te 0, and for BolutionB of gnalar eon- 
oentratiou B ii pnaitiva ; (t) the Caalot Jlldp lot all tempentnres altvne a nuuhamn 
•aloe about H,S0,H,O : (S) on diiidiog di/dl by &, and ao ohtaimag the DoriHclenl id 
eipaDBiOD t tm Note Wj, a miminuni ia obuincd neai E,30, and Hi60,4HgO, and ■ 
maiimnm at H,BO,H,0 [ni all tcmperatorcB. 

» 1" ThasB dal» [aa well a> Ihoto in the following Uble) have bean »calcDlal<>d by 
me cbiefly upon tbe baaii ol Krenm'a, Pickcnne'H. Peitdn't, and my own delacminaliona. 
all the reijuiiite correction! baie been introduced, and I have teaaoii toi thinking thai 
is euli ol them lb* [mbaUe aicoi (at diSeranoe bem Uia true fignm, now nnjauim) ol 



SULPHUR, SELENIUM, AND TELLURIUM 245 

in the second table the first ColatQn gives the percentage amount p 
{by weight) of HjSO,, the second column the weight in gramg (8,5) 
of a, Ltre of the solutiaa at IS° (at 4° the weight of a litre of water 
^1,000 grams), the third column, the variation (dS/iJt) of thii weight for 
ft rise of 1°, the fourth column, the variation dS/dp of this weight (at 
15°) for a rise -of I per cent, of HjSOj, the fifth column, the differcnEe 
between the weight of a litre at 0° and 15° (So— Sii)i and the sixth 
oolainn, the dilTercnce between the weight of a litre at 19° and 30° 



Sii 


iSufU 


dSJdp 


s=-a,. 


8„-8 


993-15 


0-U8 


7-0 


0-7 


3'4 


1033-0 


027 


6-8 


3-1 


50 


10C7-7 


0-38 


71 


52 


6-4 


11419 


0-58 


7-7 


8-6 


89 


1221-3 


0-09 


8-2 


10-4 


10-4 


I30G-6 


075 


8-8 


11-3 


11-2 


13979 


0-79 


9-9 


11-0 


11-8 


1001 -2 


086 


10-8 


13-0 


12-7 


1G131 


0-93 


116 


I4'l 


13-8 


1731-4 


104 


u-o 


15'8 


16-4 


1819-9 


1-08 


5-4 


164 


16-0 


1837-6 


103 


+ 1-7 


15-8 


151 


1837-2 


103 


-1-9" 


IW 


15-1 



The figorCH in these tablea give the means of finding the ainouiit 
ol H,SOt contained in a solution from its specific gravity,'^ and also 
show that "special points' in the lines of variation of the specific gravity 
with the temperature .and percenta^ composition correspond to certain 
definite compounds of H,80, with OH^ This is best seen in the 
variation -jf the factors (fiS/(ft and dS/d/i) with the temperature and 

UiB «p»ei£c gmvilj don not Moeed 10-0007 (il wnter al 4' ^ I) lor lli< *S— 80 pji lolu- 
lioni, ud lOiMOS hr Uia man dilate or coocenlnled >olutiona. 

** Tbit bMa HSidp puHitlmugh 0. Hut i>. tbe iiKciao graviijr itteini * nmimBm 
•*liu *t tbont 98 pJL This wu dbcoTeied bj Kohlraauh, uhl cooanned b^ CherttJ 
Pickorinf , uid otban. 

u NitBtilljr tmdoi ths copditimi lliftt there i* do othsr iagrwtisnl btiidei alter, 
■bkh il infflcienlly tme. For comincMiMl »cid, whow itwcific grkiit}- is oiuallj rtpmtA 
IB dcgn« orBanmf • hjdnimatci, wo ma; tdi Itml Hi 1E° 

Bpetific Eniily 1 11 la 18 1< IB I'O 17 18 

DegiQC Itanmf 13 21 tIS'S 41-3 481 Ul Mi 841 

ee° Btnisc (tha itnmgeit oonunutitl Kid or oil of vitriol) cornHpondi (o • ip. gr. I'St. 

By cmployiog lbs Hcmd thhio (bj lbs anlliod cl inlcrpalilior) ths npiKifle gnritf, 
*i A ^von teis|ientim (fraia i}° to 80^) cku be (ouad lor my parcenta^ uioimt of 
HgBO , uid Ibonlon OMixrMlT tli« pertcnUce ol HgSOiCUi bo lound tnnn lh( aptdfio 
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c<Mipo«tion (colamas 3, 4, second table). We have already mentioned 

liow the factor of temperature poitite to the exiittence of hjdraiee, 

n,^4 aud H^OJljO. As regards the factor dS/dp (giving the 

^iicx^MM of sfK gr. with an increase of 1 per cent. H, SO4) the following 

aniik the thr«e most salient poiqte : (1) In passing from 98 per cent, to 

100 p«r c^nt the factor is negative, and at 100 per cent about -0-0019 

(U at 99 per cent, the sp. gr. is about 1-8391, and at 100 per cent. 

aboat 1 837J. at KV, the amount of H,SO, has increased whilst the 

^ gr. has decr^^as^i). but as soon as a certain amount of SO, is 

a^ldt^d to the definite compound H^O^ (and 'fuming' acid formed) 

the specific gravity risw (for example, for H,SO, 0136 SO3 the sp. gr. 

at U m:1'^i>6X that is the factor becomes positive (and, in fact, greater 

by 4 0<^IX so that the formation of the definite hydrate H^O^ is 

acvvuxixAuied by a distinct and considerable break in the contin^ty 

of the fact^MT^M. , (:.^ The factor (^JS/dp) in increasing in its passage 

fn^m dilute to concentrated soluUons, attains a maximum value (at W 

about 0\ne)aK^ut H,S0,2H,0. te, at about the hydrate corresponding 

to the fonn SX^ prv>fvr to the compounds of sulphur, for S(OH)4 

«ll^0,2H,0 ; the same hydrate corresponds to the composition of 

gyi>sum CaSO,:iH/\ ami to it also corresponds the greatest contraction 

and rise ^^ temiK>rature in muting H,SO, with H,0 (see Chapter I., 

l^ote !:v<) ; (:^) The variation of the factor (d^/dp) under certain varia- 

tioiw in the composition proceeils so uniformly and r^fularly, and is so 

ditferent from the variation given under other proportions of HjS04 and 

H,0, tliat the sum of the variations of d^Jdp is expressed by a series 

of straight lines, if the values of p be laid along the axis of abecissn 

and those of ciS/(f/> along the ordinates.** Thus, for instance, for 15% at 

»»^t* WUeth«r umiUr (eren un&ll) breaks in the continaity of the factor dS.dp 
•xisi or DoU (or other hydrates {for instance^ for H^SO^H^O and H<2S044H,0) cannot a« 
yet b« afiinn«<l owing to the w&nt of accurate data (Note 58). In my investigation of 
this subjtvt (18S7n admit their pos»ibility, but only conditionally; and now, withoot 
i&iisting upon a similar opinion, I only hold to the existence of a distinct break in th« 
factor at H.jS04, being guided by C. Winkler's observations on the specific gravities o| 
fuming sulphuric acid. 

s* In 1887, on considering all the existent observations for a temperatore 0°, I gawa 
the accom()anying scheme ip. *243) of the \-ariation of the factor d». dp at 0^. 

I did not then (16b7) give this scheme an absolute value, and now after the appearanco 
of two series of new determinations (Lunge and Pickering in 1890), which disagree in 
many p(>ints, I think it well to state quite clearly: (1) that Lunge's and Pickering's new 
determinations have not added to the accnracy of our data respecting Uie variation of 
the specific gravity of solutions of sulphuric acid ; (3) that the sum total of existing data 
does not negative (within the limit of experimental accuracy) the possibility of a rectilinear 
and broken form for the factors dtjdp', (3) that the supposition of 'special points* in 
dM.'dp^ indicating definite hydrates, finds confirmation in all the latest determinatioot ; 
(4) that the supposition respecting the existeoee of hyfbatee detenoining a bveak ol 
the factor d$!dp is in no way altered if, instead of a leriee of broken straight linee, Itera 
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ID per cent. rfS/d;i=0>0071, at 20 per cent. =0-0077, at 30 per cent. 
= 0-0083, at 40 per cent. =0'006S, that is, for each 10 per cent, tbe 
factor increases by about 0-0006 for tho whole of the above range, but 
teyond tWh it beeomes Urger, and then, after passing n^0,2H,O, 
it begiiiH to fall rapidly. Sach changes in the variation of the factor 
take ptiLce apparently abont definite hydrates,^'''' and especially 
•bout H,SO,4HiO, H,80,2H,0 and H,SO,H,0, All this indicating 
as it does the special chediicsl aflinity of sulphuric acid for wat«r, 
atthongh of no small signifjcance for comprehending the nature of solu- 
tions (let Chapter I. and Chapter VJI.), contains many special pointo 
vhicfa require detailed investigation, the chief difficulty being that it 
requires great accuracy in a large number of experimental data. 

The great affinity of sulphuric acid for water i« also seen from 



Ba (« I m 



inrea. Mirlj approaching stnight line 
hoed in 18971 aew anil ouvf u] BlAbonttif^ 
'■OLcnca — BoliitioDV^-^ud iattoducefl*" 
cntiii vuiationa in ■ {mpertj irbich 



,b««a» 



4(6) 



inJ BKlhod into It 
eiwlj obHTTsd 






tlut fornouiBl prDblBm in oat 
— Uul 14. thu iluily qI difler 
M Iha •{)coi£c gTurity of » Liquul. 

"^ThsK h^drotM an: (s) H,S0,-B0iH,O (nalti kt 410°'' 

OTrt^UixbUi)! (d) anv ol tba bifdnliii UtwHn U,SO,aH^ uid 
inUbly HiSO,<HoO = SO,fiH,0, lor it cryoUUiHtiat -U'-ii^oiB W hii); and («) • 
MrUJn hydrats vith ■ Iwsb praportiDD of w.tet. abaut B,SO,iaoH,0. Thn nirtsDeo 
tl Lhs tut i* iofcmd Irom tbe fact that Iha factor (b/dp flnt lall.. starting frosi oataT, and 
then nHh and Ihii change tak« place vrheo p it leu than S |mi. CerUinl; i change Id tba 
variatioD of dt!dp or lUldl dofia take place in the ncighbourlKwd of thete Eve hjdrat«a 
(Pickering. ISIW, recogniasd a fat greater niunbet ot hydratM). 1 thipk it nail la add 
that if Uin coiapontion oF the ■olntiona be aiprewed by tbv pfrtientage antount of 
molscDlei— r,8O,+ (ll)0-r,)H^ oe find tijat for H,SO,. r,-sa. lor B^O,SH,0 r, 
-M-60/a.rot lL,SO,HjO, r,-88-88»-Mi, while for H.SO.JHjO, f , = 18-BM - Sfrf- i*. 
that the chief hydiatu a» diefaribvlad ■yumetrically belwsen HgO and B,80,. B(wd« 
vhich I may DMBliaa that my reHamhea (1887) ntoa tbe alinipt changes in the tvAoi 
for BDlotiona of aolphqric acid, and upon the correapondance of the breakaof d»!dp wiih 
definite hydialea, received an indirect couGimatiou not only in the lolnliona oI HNO,, 
Ha, C^,0, CsB,0' fiC: which I iDveatigatcdIin my watk cited in Chapter 1„ Note IB), 
bntaleoia tbe (arabil aOHTValiDna made by ProfiwMjiCheltuiSonlhe tolatiDmof F«C1| 
•nd ZnCl, IChaplci XVI.. Note t) nhich ahowcd the eiiatcDoe in tbine lolutiana cl 
an aJmoat aimdar change in dt/dp aa ia loand in Balphuric acid. Tl^ detailed reaeajchea 
(ISDSt made by Toorbaba on the aolDtioni ol many organic anhatanoea an of a nmilat 
satnre Be«id» which, U. Crompton (1888), in hia rmaarchea on the alectikaJ on- 
dnctivjt^ ol Bolutiona of atdphuric acid. >nd Tanmann, in hia DbaarraLiana oti their 
Tapoor tanaion, loand a oorralatioD vith t^e hydxatea indicated aa above by the Id. 
veetigaticn of theii specific graTitiea Tbeiafloence of tnixtareaof adflflnutecompoeituii 
upw the obeminal relation* ol lolntiona la sTeu eihibiled in aiioh a oomplei prooeaa aa 
alecuolyaia. V, KaaiiJoff llSOli ahoned that niilncH oonlaiiiing abmil a pA, 17 pjo. 
and 73 p-c of «nl|!Jiiinc add — i.c. whoae compoaition approacb^a that ol the bydratea 
B,S0,1«)Ii,0. H,80,SHjO and U,»0,1U.,0— nhibil certain p«:aliaritiea ia ntpect tO 
tba amount ol peroxide of hydngm formed daring alectrolyaia. Thna a 8 pA aolotioa 
girea a maiimDm aaumni of pemtida of hydmcea at 
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strong Hcid acts on the majorit; of tjvganie 
$ub»tancet loiiiaiuing hydrogen and oxygen (Mpecially on heating) it 
very frequently leAtt ny Ihtt eleamnta in the form of water. Thus 
strong sulphoric acid acting on atcohol, CjH^O, removes the elements 
of nater from it, and convert; it into ol<^DAt gas, CiH,. It acta in > 
■iailar manner on wood onU other vegetable tissue-s which it uhara. 
If a piece of wood be immei-sed in strong sulphuric acid it turns black. 
This is oninif to the fact that the wood contains carbohydrates which 
pin> up hydi'ogeti and oxygen as water to the sulpharic acid, leaving 
diarcoal, or a bliick mass very rich in 
C,H,oO„ AcUiii this manner." 

We have already had frequent < 
tnerj/ttic aei'i proptrtiri of. sulphuric acid, and therefore we will now 
only consider a few of .their aspecis. First of all we must remember 
that, with calcium, strontium, and especially with barium and lead, 
sulphuric acid forms very slightly soluble saltc, whilst with the 
majority of other metals it gives more easily soluble talta, which in the 
najority of cases are able, like sulphuric acid it»elt to combine with 
water to form crystal lo-hydra tea. Normal sulphuric acid, containing 
two atoin<> of hydrogen, in its molecule, is able for this reason alone 
to fotro two claKM of salts, noniuil and aeirl, which it does with great 
facility -nth |A« alioli melah. The metals of the alkaline earths 
and the minority of other metals, if they do form acid sulphates, do so 
under Mcisptiunal conditions (with an excess of strong sulphuric add), 
and these salts when formed are decomposable by water — tlu.t is, 
although having a certain dqree of physical stability they have no 
chemical stability. Besides the acid salt* RHSO,, sulphuric acid also 
gives other foi-ma of acid salts. An entire series of salts having the 
COmpoMticin RHSO„H^O„ or for bivalent metals RS0„3H^0„* 
has been prepared. Such salts have been obtained for potasdun, 
•odium, nickel, calcium, silver, magnesium, manganese. They are pre- 

*' C«UulQfe«, IflT iaulaiw* ununl pftptr or c^lko, it diuolfed bj alfoog widptaario 
■aid. AM ^iluMd villi ■boni lull it* Tetuma of nUrceBnrU it (il thg Mrlioa b*4f 
■hort dontiou) iou vi(*iabl« paRhmHil ICIuptei I., Note 18). The ■clion ol dihite 
•etaliuM ol tnlfilunic Midomimull iB(olifdn4clIiih»a,uidihe6bn1nHkJU corneal 
quUlf aad bMOan* briltla, Th* («iileii(^ ulidu ot (trang nilptaDr^c idd s)u» (ha 
erilvloM wUU dilnt* sdd ceututa il inlo glacon. If inlplmric xrid be kipt in aa Ofw 
viMil the aipain mstUtel th» dnri bctd inUw>tinotph>nfi>]liiiitoiiiiDdbUdMB*lh« 
•oM. Th*iaiMUiliwlwpt»ulf nlpliiuicuidbakBptinibotiJtolMtdbxacarfci 1^ 
tuA bMUUH ohund. wd Uw uid Intni bUfk . HuoaTtr, Ui« cIuiiiImI pnpaitla of 
llw Mid undtrga unlji B »I7 ■I'tbl ihanfn i-liiin it lurni black. Snlgiburie acid •hkhie 
OBBuduaUj diluted 'ilh ■•Mi doH aol prodoc* lbi> ibun efl«cl<, ■bich elaulf tbow* 
tk*ii d*p«Bdwia KB Ih* (fllDiljr ol lb* Milptiiiriii uid for tntei. It ii avidvnl fnn Ifea 
pTH^iBC thai •MuoK (uliiburic acid will Ml h a powerful {wiKiti ; whilal, as U» oUw 
hand, whan <*r7 diUta it it anplnjvd in earlaui medlciDM ud u ■ tirtUiati tot pkal*. 
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puvd by dissolving the sulphates in an excess of aalphi 
heating Ibe Holatiun until the excou nf nilpburic acid is driven off ; 
on cooling, the masi soHdifiea to a. crystalline (alt. Besides which, 
ttiise obtained a. &alt having the oomposition Na^O„NaH^0,, and if 
HNoSO, be heated it easily forms a salt Na,S,0, = Na^Ot.SO, ; 
hence it is clear that sulphuric anhydride combines with various pro- 
portions of bases, just ns it coabinoa with various proportions of 

We have already learned that snlpbaric acid disjilaces the acid from 
the salts of nitric, carbonic, and many other volatile ooids. Berthollet't 
laws (Chapter X.) explain this by the amall volatility of sulphuric 
acid i anil, indeed, in an aqueoua aotutiou sulphuric acid dieplooes the 
muoh leaa soluble boric ooid from its compounds —for instance, (rom 
borax, and it also displaces silica from its compounds with beiges , but 
both boric anhydride and silica, when fused witb sulphates, deoompose 
them, displacing sulphuric anhydride, SO^, because they are less 
volatile than sulphuric nahydridc. It is also well known that with 
metals, sulphuric acid forms salts givinj; off' hydrogen (Fe, Zn, Ac), or 
sulphur dioxide (Cu.Hg. Ic.)." '''* 

The reactions of sulphuric noid fcif/i rapeet to orgrmic niAiloncM 
ate generally determined by ite acid character, when the direct ex- 
traction of water, or oxidation at the expense of the oxygen of the 
sulphuric acid.'" or disintegration does not take place. Thus the 
majority of the saturated hydrocarbons, C,H,„, form with sulphuric 
add a special class of ttilphonie aeidt, C,H,^,(HSOj) ; for example, 



at ■ny eonteoUilioii >l »iij Wmpenton. At 
.1 higfavr LempenliinB (uid vitb tery cd 



The utioD of lalpfaurta uid on Iha 
klluJi*, bwKiiM Ills alcobolt, like dkiUis, 
oolccnla o< lOlphniH Kid Hpu&tes i»l 



leUit. Thay nut with nl. 
r l0iDper*likre hydngoii is 
tnlcd Acid) bydrogon *i^ 






'Mpon 



and etbcrul ult~lb*t it 
witli idd ulta. That, lOc 
ln>hol. C^jOH, gin* WMO 



i 



unpU. Ihe Mr.tioa gl lulphitni' uid. H^0„ on ordinu; m\ 
ud fnlpIioTuiio uid, CH^HSO,— Uul i*. ■nlphurie Kid in whidi ong •) 
It riplucd by Iba ndiila C,H, ol Bthjl aioahol, SO,[OH]lOC,B.|, or, ir 
UuDg. Ihs bydnifea in tioobal ii npUMd bj tha ndick (nB^hesfl) of ral||luirio meH 
CAO-S0,(OH). 
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benzene, C^Hj, forms bonMnesnlphonic acid, CjHjSOjH, wat«r being 
separated, for the formation of which oxygen is taken up from the 
sulphuric acid, for the product contains less oxygen thftu the sulphorlc 
acid. It is evident from theexistenceof these acids that the hy<irog«ii in 
organic compounds is replaceable by the group SOaH, just as it may be 
replaced by the radicles CI, NO,, COjH and others. As the radicle 
of sulphuric add or avlphoxy!, SO,OH or SHOj, contains, like carbcujl 
(Vol. I,, p. 395), one hydrogen (hydroiyl) of sulphuric acid, the 
resultant substances are acids whose basicity is equal to the niimher 
of hydrogens replaced by sulphoxyl. Since also sulphoxyl takes the 
place q( hydrogen, and itself contains hydrogen, the sulpbo^acids are 
equal to a hydrocarbon + SOj, just as every organic (carboxylic) acid 
is equal to a hydrocarbon + COj. Moreover, here this relation corre- 
sponds with actual fact, because many sulphonic acids are obtuoed 
by the direct combination of sulphuric anhydride : C5Hj(S0,H) 
= C(H( ■*■ SO]. The sulphonic acids give soluble barium salts, and 
are therefore easily distinguished from sulphuno acid. Thpy are 
soluble in water, are not volatile, and when distilled give sulphurous 
anhydride (whilst the hydroxyl previously in combination witb ^ 
sulphurous anhydride remains in the hydrocarbon group ; thus phenol, 
C(H)'OH, is obtained from benzsnesul phonic acid), and they are reij 
energetic, because the hydrogen acting in tbeni is of thesame nature aa 
in sulphuric acid itself.'" 

Sulphuric acid, as containing a lar^e proportion of oxygen, is a 

" We iril] menliDn tin! follDwiog diffaieiue bitoHP Iha inlpboiuc Kida ma3 tba 
MheKkl uid gulphBlei |Na(s C9) : the {oriDer retomi iglphurie uid irilh dilBeBlty ud 
the UtUc euilj. Tlrni lolphoviiua uid whan huled with la ««gi ol w«Mr w noia- 
TUted iDto^Dohal uid iDlphDiic uid. Thiiigeiplunedia Uu loUcnriDKiiiuiiUT. Bsth 
tlkaie ctum ot Midi ue prodncod b; the sDlHtitDtioD of lijdiogsD b; 80|H. or Uia 
uoinJenb radicle ol Bolphanc mai, bat in (he forznAtion of ethereal acid inlphatfla the 
SOjH replace! the hrdrogeo ol Ibq bf droijl in tlie alcohol, irtulal in the toriinttan el 
Qia Bolphouc «f Ida the BOgH replacei the h]fdrc^9n of a bjdiocarbon. Thia diffanoc* 
U clearly eiideoced is the cniteoce ot two acida ol the eompotitiBii BO,C,Hf. Th« one, 
meDtioned above, i« lolphoiioic acid ai aloohol C^'OH, ia which the bydraga of Iha 
)i jdroiyl ii replaced b; talphoTil •■ C,H,'OSOiH. whilst the other ii aloobal, ia wUok 
oi;q atom of -the bydroeeD in etbjl, CgH^, ii replacod bj the tulphaiuo nTolip tTi<> w 
- (C,H,)SO:B'OH. The Utter it called iHthisiuc acid. Il b more aUhle Uun talpha- 
Timcaoid. Thedelailiit la Ihsir ialaieiling coiapoDDdi mail be looked For in ntkton 

otglDio chemiltty, bnl Ilhiok it uecaiauy to note one ol thegenFralmiUiod) rit ti illiiii 

ol these iioidi. The aalphitsg at the alkali*— lor ciampie, K,SO)— when heated with tba 
halogen prodHCte of metiLleyeia, give a balo^n aalt and a aall ol a aulphonio acid. Una 
intthyl iodide, CBjI, dericrd Irom manh gaa, CH,. ohm heated to 100^ aitli • aaluUoa 
ol potuiium lalphtle. K,SO]. gicei poluiiuin iodide, KI, and poUiiinn malbjleal- 
phoaals CUjSOjK— that ii a ull ol the •ulpbonls acid. Thi( ihairi that the inlplUBia 
acid may be relerred to nulphniaai acid, and thai there it a nambUace between aal- 
phnric and lulpboroiia acid, which dearly revuli ilaali bar* in the lonnelkni ol <■« 
product from them bulb. 
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mbttAnce which frequently acts u an oxidising agent : in which nwe 
it is deoxidised, forming aulphurout anhydrida and water (or even, 
ftlthough more rarely, sulphuretted bydroxeu-iuid sulphur). Sulphuric 
acid Bct« in this maaaer on charcoal, cupper, mercury, silver, organic 
and other substances, which are unubln to evolve hydrogen from it 
directly, as we saw in describing ^olphucons anbydrido. 

Altliough the hydrate of a higher saliae fortn of oxidation (Chapter 
XV.), sulphuric anhydride is capable of further oxidatioo, and foniu & 
kind of peroxide, just as hydrogcD gives hydrogen peroxide in addition 
to water, or as eodiun and putossiiim, besides the oxides Na^O aod 
KgO, give their peroxides, compounds which are in a chemical sens* 
unstable, powerfully oxidising, and not directly able to cnt«r into saline 
combinations. If the oxidea of potassium, barinm, il^c., be compared 
to water, then their peroxides must in like manner correspond to 
hydrogen peroxide,',' not only because the oiygen containod in them. 
is very mobile and easily liberated, and because their reactions are 
similar, but also because they can be mutually transformed into eooli 
other, and are able to form compounds with each other, with base* 
and with water, and indeed form a kind of peroxide salts.'' This 
it alsu the character of -;Mriru/;)Aiirio oimI, discovered in 1878 by 
Berthelot, and ite -corresponding anhydride orpcroxideof sulphurSjO,. 
It is formed from SSO, + O with the nbsorption of heat ( — 27 
thousand heat units), like ozone from O, + ( — 29 thousand unite ol 
heat), or hydn^en peroxide from n,0 + 0( — 21 thousand heat units). 

Peroxide of sulphur is produced by the nction of a silent discharge 
upon' a mixture of oxygen ohil sulphurous anhydride."' With water 

•■ Tha reictioo BiO + O dsTalops 13,000 hut nnita, wliilgt the THctkin H,04D 
■bmbi 9I,00<> l>«l uniti. 

•■ Behtire nbuinsd ■ ciDin[iaDDd at jwroiida at buian inib psratida of h^drogan. If 
IjviinD pvFOXido bfl diaiotv«d la hi/dnrchlnrio for acetic) arid, or rl a tolnlkm of 
hjidngcD peroiide be dilnlsd with ■ •olnlian at buiiun hjdroiiilo, a pure hydrate ia pic- 
cipitaled hanng the gampmiitioii BiiO„ell,0 (•gmpliuiai the nunpoRtioii ia Ulceo M 
BkO^H^A ThJI (act waa^nadThnvwn toThifDud. Scbitne ihomd that il fajdrogeB 
peroiide bv in ei«u, a cryiUlliue CDmpaaad of the two paroiidsa, BaOiBgOf, i( predpi* 
tAted. Schtfoe alao obtmloBd anuU weU-ftinaed cryalala of tho aaiue oompoaition by 
adding ■ •alntion of UTunoDia loan aiid lolDtionolbaiioniperolidgtcaoUiiiuieKbariani 
aall and bTdrogeo penu'da or a eoDipoand of BaO, with the acid). Thus barium 
ponndde oombiBea with both walar Hud hydrogeD per«tide. This ia a very important fact 
for tho ooM p tehflnaiati of tbe compnailitpn of other peroxidea. Monoter, it tha |ieroTidea 
ar« able le gire brdratca they can abo form oorrHponding ulti, i t. thsj can ootubiDe 
with baaoa and acida, aa wu aftarwarda found to be the caae on further nacuich into thia 
anbJaoL 

•> Anhjrdnnii lulphune pnvtide, S,0,. ja obtained by the proloaged (S la 10 boor*) 

phnnua aDhrdride ; the npoDr ol aslphoric peroiids, &fi,, enndeiuei «■ liquid drops, 
sr aJtw being cooled t« 0° in llie (□cm of long |)ri>aiDtiil ujitaJj, rcKmbllng Ihoaa ol 
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8,0, gives peraulphurio acid, H,S,0,. The latter is obtAut&l 
more simply liy mixing strong aulphnric acid (ngt weaker than 
H.j80„2H,0) directly with hydrogen peroiide, or by the action of a 
galvanic current.on sulphuric acid mixedVith a certain amount of water, 
and cooled, the electrodes being platinum wires, when perGulphoric acid 
naturally app«arsat the positive pole.^' When an acid of the atrengtb 
H,S0„6H,0 is taken, at first the hydrate of the uilphurio per- 
oxide, SiO,,H,0, only ia Canned ; but when the concentration aboat 
the positive pole reaches H|80„3H30, a mixture of hydrogeu peroxide 
and the hjdrat* ot sulphuric peroxide begins to be formed. Diloto 
solutions of sulphuric peroxide can be kept better than mor« con- 
centrated solutions, but the latter may be obtained containing u 
much as 133 grama of the peroxide to a litre. It it « very instraetive 
fact that hydrogen peroxide is always formed when strong salutiana of 
persolphuric acid breafa up on keeping. So that the bond between tho 
two peroxides is established both by analysis and synthesis : hydrogen 
peroxide is able to produce S,HiO„ and the latter to produce hydrogen 
peroxide. A mixture of sulphuric peroxide with sulphnrio acid or 
wat«r is immediately decomposed, with the evolntion of oxygen, either 
when heated or under the action of spongy platinum. The same thing 

■Bl|ibDrie inh; drid«. Tlw uibjdraDB compouBd S|0; (ud ilM tbe bydnled Datniioaiidl 
cumot be preserved tonE,u H aplite op into oiTgen uid nJphario uibydridfr Diitct 
ej(pvrii:aeat ■hDvr» (b&t a mixtun of equal Tolmoe* ol BulplLDEous uihydhda mad owj^an 
Ibktb Ik lesidae of t qiurtsi ot tho iiijgvD Ukea, or bill ot Iba wbiila •dIbdu, vUck 
indicsteB ths formoli 8,0,. This subiUnu it aoliibla in nler, ud il thra firm a 
bjdnla. probably luTini; the compoution B,O,.H,0 -ISHO,. Tbii mIbUmi nrlrtliaa 
the ulu S11S.J, polaniDtn iodids, uid Dlbcrs, wbich raiidan It pOMibIc to ^im Ui* tin 
■olatian tctoall; cunUins one aiom oI oijgta «pabl« ol sSnliDg oiidslimt la tini itIt 
iMllCB q1 iulpburic ii&hjrdtide. 

Xo order to lolly demondrata Ibe rsallly at a peroxide tonn lor uida. II •bonld 
be mentiooed tbil tooie yean ago Brodis obtalneil tbe H-ealietl actlU fire*iit, 
(C,H,0),0» by the action ol bariom penade do a«tie anliydiidii, ICHjOhO. It* 
ranHiKiDdiiig lij'dnW i« alto known. Thii ihowa thai tnie peroUdei an4 Umu 
bydrato*, witb reaolioni viinilar to tbo« of bydro^en peroxide, are poieibla bv atida. 
A aimilar bighirr oiide bat long been knom lor chiomiiun, and Bertlieloi ebtaiael a 
tike oomiBund (ot oilric Kid (ChapUr TI.. Hole W). 

u Wbeu an acid of tbn I'tieDgtb B,SO,Ga,0 i> Uken, at fint only tbe hjdnto Ol 
Ibe aalpharic peroiidv, e,0,B,0. ia loriDed, but nhm ibe conoentration at Um poailln 
pole nacbei ^30,8B,0, a miilnra ol bydrogen pnoiide and thi hydnia ot nl^oiie 
pciDlid* bsgini to be tonned. A tUte of eqailibrium is oltinuttely arriTid ■! wheii 
Um amounts oj theie enbetancea conoipand to tba proportion %,0^ : tOfit, «UA, 
a< it oetB, aniwer* to a nev bydrals. BjOgtH^O. Bol its eiistence oaanot bo admlnad 
bMsaee Ibe inlphurio peioiide eu be euily ditliagDitbed bom Ibe hTdrofn panndda 
in tbe eolDtion owing la the loci Ibat Uie [omiei does not act on an aoid lolutioa «l 
puUugluin permuiganaM, wbilil tb<i hydmROD peniude diiMigageg bolb ila vni oxygn 
and tbat of tbe pennMiganic tatd, conrerlin^ it into nungaooua and«. Tholr 0( 
property ot liberating fodina (mm an ae 
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taku place with a solution of Imryta, although at first no precipitnU is 
formed nnd the itscomposition of ihfi barium suit, BaS,Og, with tlio for- 
wntion of BaSO,, only proceeds slowly, so that the solution mny be 
61t«red (the lianura salt ot persulphuric acid is soluhle in wat«r). Mer- 
cury, ferrous oxide, and the stannous snlts, are oxidised by S^H^Og. 
These are all distinvt signs of trite peroxides. The same commott pro- 
perties (capacity for oxidising, property of forming peroxide of hydrogen, 
A*c.) are possessed by the alkali salts of persulphuric acid, which an 
obtained by the action of on ele^'tric current upon certain sulphates, 
for instance Hmmoniuin or potassium sulphate. The ammonium salt 
of persulphuric acid, (NH,),SiOh, is especially easily formed by this 
means, and is now preoared on a large scale and used (like NiijOj and 
HjO,) for bleaching tissues and ebres^' 

« II * loluUon of (ulpliuiic U'id wlilcli his buo iiU >Qbj«led to ttccliolyiit be 
iitnlnUiud with potBtth nr l»ryl«. tho ult which is rorrued bejma to dei:owpou 
rspidl:r with th* <mitd<iaii ol otsgia (BcRlielot. 18901. On titur^iiig with caanso 
bai^u, ths BcLution ot lUo Hit fonnBd mi.; ba ispuiLied [rom tbe iDlplmta ot buiani. 
■nd then the compoijlion of the niulUiiLcoiDpouad, B*S^,, ai»y bo deUcmiiied (rani 
the >moDDt d( oiigcu diungimd. MuMhsll (IWl) etudicd tha tbmi&tion ol th» cU» 
ol compoDBdt mar* fullf ; ha nbiseled ■ Htanted Hlulion of bi*Bl[ihit« of poliulom 
to eltctroljsii with it curnnt oF 3-3^ BiDpfriei ; before electrolyei* diluw tulphuric Kid 
ii «dded (a Ibe liquid turrgundiag the nvgativo pole, tod during ctecirolyiii (he ulntiea 
•t the BDoda \a cooled. The electcDlTsia ii conliiiued without istamiplion toi lico daja, 
and a whEle ciyitallina depoiit teporatea at tbe uoilo- To avoid dccomporition, the 
latter ia Dot filtered through paper, but through a perforated platiniUQ p1nt«, and diiad 
on a poiooi [ite. Tha tDother liquor, with the addition ot a tteih uluiion ol biaulphata 
<ft potaeaiora, ia a^in enbjected to eLectroljriie and the cryitaU fonued at the anoda ara 
again collected, £o. Tbe ull to ablaiaed nar b« cacrytlalliied bf dinotviug it in hot 
wal«r and rapidlj cooling the aolalion after filtration t a small proportion nl tha B4lt la 
decompotad b; thii treatment. Rapid cooling in lolloped b; tha lonnalioa ot-askaU 

•alt ia detarmiDed either by i^ailing it. when it forma lulphata ol potuaiuD, <>r c1r« by 
titrating the active oxygen with permanganate : ita compoaLtlon waa found to coTrvepond 
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> of RHSO,. The decompoiition of tbe dij fait betfiDa i 
pleta even at aso°. The trvibly preiivcJ ult ia inodarona, but after being kapt in ■ 
cloud tcsmI it evolvea ■ pecoliar tmell dillereni from that ol oioae. The ammooium 
uU of peraulphnric acid, INa.),3iO,, ie obuined in a timiUr muioer. It ia soluble to 
the eitent of 68 parte per 100 parte by weight of water. The dacompoeitioo of the 
ammoBium sill by tbe hydnted oiide of bsnum give* the barinm ult, BaS^«<H,0, 

deliqaeaca in tlieoirand decompoM in the course of several daje; they decompose moflt 
rapidly in perfectly dry air. Solutions of tbe pure ult decompoaa atowtyal tbe ordinary 
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In onl^r to underetand tlie relalioo of sulphuric peroxido to tutphn 
acid wc must Unit remark that hydrogen peroxide U to he cnntid«ii 

*ith the law of Eubstitution, us wnler, H(OH), i 
H u replaced by (OH). Now the relation of H,8,0, to H^, 1 

ictty similar. The r&dicle of salphiiric acid, oqutvalent to hydro 
it HSOj ; '■' ""• it corresponds with the (OH) of water, and thtr 
■ulphuric aoid. H(SHO,), gives (SHO,),or8,H,0„ in •nactly tl 
manlier as water gives (HO).j— i.a. HjO^" 

The ki^est part of the mdphvric acid made ia used for r 
on sodium chtoridi* in the manufacture of sodium carbouatn ; 
manufacture of the volatile acids, like nitric, hydrochloric, d(c., ' 
their corresponding salts ; for the preparation of ammoniuin anlp 
alums, vitriols (copper and iron), artificial manures, auperphoi 
(CbapterXlX, Note 18) and other Edlta of sulphuric acid; 
ment of bone ash for the preparntioD of phosphorus, and for th« mln- 
tion of metals— for example, of silver in its lepanttion from gold — lor 

tcnijienture; on boLlingluriimiiiilplutc u p»dmlly prwipiMWd, nJ^gm brnig Ubw«»< 
(inulUiiHiutlj. TocoaifieMjiBaimtrawathimtail it ii bbebuut labwl lu HlaUoa lora 
longtlDw. AJcohol diiiuWsi Ibc lolid hII; tfa« aaliTdraiu ull don not wpant* tnta 
ic wlntion. bnt ■ hjidnite mnUiniiig vae idoIkbU of w*Ur, BbSjOiBA 
vUeb b Hlnhlt io mUr bnl tniolubla [a fttwilutc tlwho], Solid tiMlun pmu^AsM 
m vhen alighllf hHlsd. Tba Itw Kid, which miii Hne (« Ih* pwpw 
Uoi) ol oLiHf hIU, ii obUinnd hy IrMtiog tbs buinm aalt vilb anliibunc ttii. n* 
sen DbUinvl Irani tho Inc sctd ; it eiyiilaUiH* wilta Mo or tkn* 
[■ Hlnblfl in VKtar, dsliqimcai in tke oir, uid i-ilb alkalta (i«M 
la bTdntftd oilda ohieh npidlj oxidim Into Uw liHOida. 
Trtube, bclon Uai^uJl'a naearcbaa. tbtnuiihl thM th* Blaatnlyu* ol aelaUon* •! 
io add did not give panulphoiia add but a ptmUphoha otide baviiig tb« enm- 
pMilion SOj. Ou npHtuig bia lormer nwardiaitlHUI) Tnuba aLtuu-d ■ pfFW^Iuaii 
mid* 1)/ tha r1wtnily>i( M ■ 10 per ooDk tolutioB ol Miliiliiirti ifid. uid ha aapaiMa< It 
bun Ilia aelution bj nuuu ol buiuin phnapluU. Aoalfato ahowsd Unt llda nfaalaMa 
cDupDaition SO^ aAd IhanfOie Trauba conaida)* U t«j 
d bf M»nluJleOFr<«F<md«dMu>MidH,SO,*&0«u.thM 

al tboaa aBFIwaod ioni vhirh ■ppru' al Uw [Maitiirc pnU in tha iMwap^ 
ailxm ol anlpbiirio Mid by Iha aollon al •.galvanic cumnt. 

" U tbii bt tnia ana vnald aip«el 111* lallnwiiig puoiida bydntH : lot phoqphai* 
tad, (UtPO,), - HtPaOa ^ 9U^ -•■ aPOj; lor ajboau uid. < HCO,), - BaOA •• 
B|0*C,Otl udlortad IbatiH parmidavill b. ■l.<.pb,Ot,««. Judf^ boot (k* 
"« (N'ola m, Uiaw iiamiid* loma wOI (HDhablr i mUn 
lal'Uw (naipoDiidi obtained bj Pairlrf lor unalsB iM my 
inaUHiliva a* alacidatkc iha patoiidai. In tha KUon ot brdiacan pmntiOt in aa Mai 
Uwr* h {oiBMd a Dtaoiam pwuiidf. (ja«tii<0(U>HI|, 
inuiiun olid* in Ilia ycimm of euiatia aada; •■ th* 
B of tlcohol a orriUUiHE GompDOBd oontniung N*|DOa,(B,0 t 
' n( thf paroiidsa of aediDm, NatOi. and 
It •• my iHuibla il»l ih^ Bnt ptnnida, UU^tRjO. enUiua Dm altiaaBI 
paniid* ud uraaiBin pHOiidfc <J,0.. or ana UfOHUI^iOb jBal aa tba 
btoly diaCDwrafl by Bphnf )« Un porhS" <^t*^ B«i<3i4MV 
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cleftning metals from rusi, &e. A Urge amount of oil of vitriol is &lso 
used in treatment of organic substances ; it is used tor the extraction 
of stearin, or stearic acid, from tallow, for refining petroleum and 
various vegetable oils, in the pi'epura'tion of nitro-glycerine (Chapter VI., 
Notes 37 and 37 bis), for dissolving indi^'o and oth#r colouring matters, 
tor the conversion of paper into vegetable parchment, for the prepara- 
tion of ethorfrom alcohol, for the preparation of various artiGcial scents 
from fusel oil, for the preparation of vegetable acids, such as oxalia, 
tartaric, citric, for the conversioa of non-fermentable starchy substances 
into fermentable glucose, and in a number of other processes. It 
would be difficult tfl find another artificially -prepared substance 
which is so frequently applied in the arts as sulphuric acid. Where 
there are not worics for its manufacture, the economical production of 
many other substances of great technical importance is impossible. 
In those localities which have arrived at a high technical activity 
the amount of sulphuric acid consumed ia proportionally large ; 
sulphuric aeid, sodium earbonat*, and lime are the most important of 
the arttlicially- prepared agents employed in factories. 

Besides the normal acids of sulphur, HiSO,, H,80j8, and HiSO,, 
corresponding with Bulphuretted hydrogen, H,S, in the same way 
that the oiy-acids of chlorine correapond with hydrochloric acid, HCI, 
there exiEls a peculiar series of acids which are termed thionic aeidt. 
Their general composition is S,H,0(, where n varies from 2 to 5. If 
n = 2, the acid is called dithionio acid. The others are distinguished 
as trithionic, tetrathionio, and pontathionic acids. Their composition, 
existence, and reactions are very easily understood if they be referred 
to the class of the sulphonic acids^that is, if their relation to 
sulphuric acid be expressed in just the same manner ss the relation ot 
the organic acids to carbonic acid. The organic acids, ns we saw 
(Chapter IX.}, proceed from the hydrocarbons by the substitution of 
their hydrogen by carboxyl — that is, by the radicle of carbonic acid, 
CH,0, - HO = CHO,. The formation of the acids of sulphur by 
means of sutphoiyl may be represented in the same manner, HBOj 
stH^Oj— HO. Therefore to hydrogen H, there should correspond the 
acids H-SHOj, sulphurous, and SHO.-SHOj = Si,H,Ot, or dithionio ; 
to SH, there should correspond the acids 8H(SH03) = H.jS,Oj (thio 
sulphuric), and S{SHO])] =-H^,0« {trithiooic) ; to 8,11, the adds 
S,H(8H0i) = H,S,0, (unknown), and Sj(SHO,), = H.S.Oj (tetra- 
thionic) ; to SjH, the acids SiH(SH03) and 8j(SH03), = HjSjOj 
(pentalhionie). We know that iodine reacts directly with the hydrogen 
of sulphuretted hydrogen and combines with it, and if thiosulphurio 
acid contains the radicle of sulphuretted hydrogen (or hydrogen united 



^H acid coata 
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with solphur)of ihe same nature aa in sulphuretted hydragen, it k art' 
■nrpming that iodiae reacts w[th Bodium t]iiasulpfaat« knd forme lodium 
tetralhionate. Thus, thiosulphuric acid. HS(SI{0,), when deprirst 
of H, gives a, radicle wliich im media tely conilunes with BiioLber nmilv 
mdicle, formiog the tetrathionate 3](SO)HO),. On this vit 
the Btrui-tBre of the tliionic a<:id3 aiiid sa1t«, it is aiso eina.! bav kI) tl 
thionic acids, like thiosulpharic acid, eaiily give sulphur aiul sulpliida 
with the exception only of dithionJc acid, HjSjOs, which, judgiojf* 
from the above, stands apart from the Mriet of the other tbiouic 
acids. Dithionic acid stands in the tame relation to lalphurio acid at 
oxalic acid does to carbonic ocid. Oxalic acid is dioirbox;!, (CHO()i 
S3 CjUiO,, and so also dii^ionie acid ia disulphoxyl, (SUO,), = &,H,0«. 
Oxalio aaid when ignited decomposes inUi uarboaic kiihfdrkla sad 
carbonic oxide, CO, and dithionic acid when heated deoompcaes into 
sulphuric anhydride and sulphurous anhydride, SO^ and 80| ■tandi 
in the same relation to SO, as CO to CO,. This aieo ejtplMU til* 
peculiftrityof thecAtcium, Inrium, and lead, J^. salts oE thetfaiam««icid* 
being cusilj soluble (although the corresponding salts uf H,S0,.H(8O« 
wtd H,S dissolve with difticult)'}, because the former un dniiUU' tO 
Uie salts of the sulphonic acids, which tre also solabU in woMr. 
Thus the thionic acids are dunlpho/Uc acid», just as many dicarboxjUo 
Midi are known— for example, CH,(CO,H)j, CtU,(CO,HV*' 



" Thit new wu eommaiiiuM b; ia« in 
« Dilhionii^ tidd. U,S^,. it diUinsuli 
ifaelaut pTDpotUunal iDlphiu. liiialuca 
ubydridt, 8,(1^ conUIni aan O tbiui suli 
■olphDM Mhjfdrida, SO, or 3,0^ OiOu 
y^nVm. i> known u ■ Uydnu ud u kIU, I 
jwinB dilhionic Mid DBDklljr ninpU)^ » 



70 U the RuHiui Cbemiol BaiMj 

I lijrpiHnlphurlciiicid, bacwiMilMDpfOMd 
iiou* oiids, 80i w S,0,, oad Imb tba 
B Mill, diMDTtmd bf Oaf-Liniaa aaA 
nol u ulijilrult. Tht ndhad Im pw 
b« wtiou al H1U1I5 juwilnvd WM^sai 
diuidn im 11 Klalloa ot (lOpbuKnu aubjilndiN On ihitijng, the aniD of tfe* IsMw 
4iuppun. Miul Uii mmnjiBW* mli at (ba uid in qnolioa pu» jat« *gtalta| 
MnOj^lSOi-cMnSgOt. U the lampanluce be Wi4ed, Um JlthLmiiU efUls Sp lala 
nilphuroD* (nhydrKti aod uungUHU lalpiute, MnBO,. Ofnectlty o*tci( to IMl ■ 
Diitnn of inaDgsneee lalpbils and dllblciwta i> abMlned in the wilntioa. TLrfwa^ 
be tetmiMsd bjr niiilDf the loIaliDn of tb> mwigiHH tiu wilb • MlnbiM el hari^ 
hjrdniiiJa. whin m (irwlpiuti uf ni»i||HwH hydroiiilii uid bariuin luJpHiU tt uMallW^, 
la Ibii Ruumer barium diihioiiAla unly in ebtoiaxl in aiilullaiL It U pstUM ty 
a7M«U>uUon, and eeianle* h DiS,Ou)H,0| tliii I* thai dinoliHl in wauii ta£ 
iteottifoiti vitb Uu nquinlt uDmnl ol lulphotie Mtd. Dilliiaiiid acid, "^/y da* 
raiauni ia tolgUoD. Bj DOnuiilraUDg tha nialtant ulDtiiin Bndrr Uw rcaalnt «t M 
ali-pntnpilia pdwible to obtain a liquid of ip, gr. litJ, but ilniUcLMi(aii»mt«iai 
on tarthu avapmiian the add decompaH* I 

rii^Uj haatad. L<UtE all Ihs Ihiunis acidi.dtlbiauiit ai^id 14 nadii^t aituhad bjiniouuf 
anoUi lad pauai into •ulpbiuaui a<^id. Ho dlUiinnata ia abia 1» oiliiiiland th* ac4iaB 
n vaer alight, wiUxnl (<*{n( <>a ..tphBraaa anhjarida: li^fi. 
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Sulphur exhibits an acid character, not onl; in its compounds with 
hydrogen and oicygen, but also in those with oth«r etementa. The 

energelio oativo ol tlia acid) tx» wilubis in wUat, and in thi« napoet preunl a i-eHain 
nHmUance to the salta ol cititc acid {tluii anbydiidcs an: N,Oi and BgOi), KlUii 
tUSai datcribed nun; ol the salti ol dithlonio uid. 

of acid potaiiiam lolphitv with flowera of qulphor 
of tb« jflllow colontion firrt pivluced br the aoli 
pOftJaii of the lalplLiu vaa pree 
KiSiOt (putly miied wiUi poUi 



id by baating a atreng tolution 
out &}", DDtil the diaappurabCfi 
ol the sulphur. Qn nooliag, i, 
itated, and ctriUti of a salt of Irilhionic acid, 
urn lolphate), gepantcd aut. Fleuy afterwarda 



(hawed that ^ actioii ol Hulpburoui acid on a tbiogulphato alto giiei ii 
trithionie Kid: 9Ki3iO,'-3SO,'-lK,S,0(->'8. A miiliini of potuiium acid sulpliilc 
uid thJoauIphAte alao ^vea a trithioiute- lb ia very possible thAl a reactiou ol the 
•aiBB Idnd oocun in Iho lormalion of trithionie acid by LAugloid's method, hgcauu 
pOta»iam lulphile and sulphar yield potaiaiDni Ihioanlphalo. The poUuiom thioaol- 
phate maj alto be replaced by potaiiinin iulphide. and on pa«iin^ lulpboroai Aobydride 
UuDDgb the aolqlioD thiiwDlphate >< Bnt fornied and then ttithionate : <KH30s-f K,a 
+ «S0,-8K^,n,-f SH^O. The Kdiuo lall ii not lonned under the same circumitouoei 
.aa the correflpooding |K>taatiam yaltr The aodiora aalt doeH not cryataJliso and ia very 
mutable : the bariam aall ia, howevei, more itable. The bariuni (uid potuBiam xJt* 
art anhydroiu, they give oeuiral tolulioni and decampoae whop ignilad, wilh the 
•volution of lulphiu aod lolphDraui auhjdride, ■ aolphate being lell behind, KiSjPi 
-KiSOt+SO| + S. 11 a folution of the potanlom Hit be deoompDud by meana of 
hydroAuoiilicia or chtorie acid, the loiolDble aalte of theie acidi are preoipitalsd and 
Wlhionio acid ii obtained in Klalioo, which however lury easily bnaka up on concen- 
llmtion. The addition of lallaol capper, mercury, silver, Itc. to a ■olatioaola Ihthianato 
ia followed, either immadialely or aftar a certain time, by the lormatiou ol a black pre- 
cipitale ol the lulphidea whose lormation is due to the dec( 






metal. 



>■ easily 



n lo the prsccding adida, 
mora stAbl* in the Iree at&ta than in the form of salts. In the latter form it 
oouverted into (lilbiooate, with liberation ol sulphur. Bodium tclralbion 
oblatiMd by FoHoa and GSis. by the aclioo ol iodine oo ■ solution of sodinm Ihioaul- 
phalB. The reaction asaentially coniists in the iodine taking up half the sodioni of the 
thionlplute, inaamncb as the tatter contauis Na^jO^ whilst the Utratbionalo contains 
N«3,0j or Na^S.Ob so thiLt the roiwlion ia as follows: lXa,ai0i+I]^aNal + NB,S,O,. 
11 ie erideat that telnthionic acid stands to Ihiosulphuric scid in eiactly the same 
r^ation h dilhlonio acid doea to aulphurous acid : for the same aiDoatit ol the other 
elements in dithionate, SSOi, and tettathionate, KS,0,, there ie half as (DUcb metal u 
in sulphite, K,SOi, and thioautpbale, E]fi]Os. II ia the above reaction the sodium 
tbloaulphaU be replaced by the lead salt PbSgOi, the sparingly-soluble lead iodide Pbl* 
and the solnble salt PbS,0, are obtained. Moreover the lead salt easily gives telra. 
thionic Hid itull (FbSO, ia precipitated). The solution of tetrathionic acid nwy be 
eraporatod orer a water- bath, and afteraatda in a (acDOin, ihun it gives a colourless 
liquid, which has no smell and a very acid reacliaa. When dilnte it may be heatwl to 
its bailing-p<HDt, but in a coDceotrated fonn it decomposes into aalphurio acid, sul' 
phsiDDS anhydride, and solpbur: H^,0,=>H,SO, + BO]-fB,. 

Penlanianic acid. H,S,Oi, also bobngs to this series ol acids. But little is known 
concerning it, i^itfaer as hydrate or in salts. It is lonnedi Icgether with tetralluonic 
acid, by the direct actiOD at eulphurous acid on sDlphoretted faydrogeii in sa aqneons 
solntioa i a large proportion ol aolphnr being precipitated at the eams tioie : GSOi 
+ GH,3- H,S)Ot t^ 93 -f IHaO. 

U, u was shown above, the thiouic acida sre diaolphoDii: acida, Ibey may be ob- 
tained, liko other aulphonio acide, by means ol potaaaiam aulpbite and Bulphor chloride- 
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oompouod of Bulphnr and carbon hiw been partisalkrly veD ii 

It presenU a great analogy to carbonic aiihjdnde,bothiDiU 
composition and chemical ctiaracter. This Eobstance is tt 
carbon biralpbide, CS,, and correspondi with COf 

^114 flpriDg domoTuCTKtwt tbo fonnotinn of potaA^TUi trilUonnla by l^iotioii of ■a]- 
[dial dichloride on ■ ■trong (nlntion ol potuaam (alpbite; >K30jK ■» Sei** S(gOtK), 
■taKCI. I< eniphur chlDrida ba Uk»n, lalphiu tin u pnapUlad. Tbs mib* 
toittliinitle ic lonDifd bj titaUng ■ •olotioo of 4oablB l)D(Wlil|ibBtM 1 lot BOmjilm, it 
i«lCB^. Two mdecaln ol ttao ulti tbm farm Mxtr vH^iia and iiiitiniiiM 
Wthiotuil*. If Uio thioiatphitts bo tfa« poUHiam Btm laU S(HK(AgS), Iho tha 
Hractnre of Iho trithiontte mafl nccenuilj b« ISOjKhS. Fwriflas to Sptn^ 
rssevches, lbs Ktioii nl iodins un Bodlam thionlphtla *u u i mltted tcai^ttlij 
diiKovsred nsclion ; he. howsTsr, ehoved iti gnnsnl ligmfiuiuie by Wabng tlw artka at 

NB,S4-Na^0,I(innmaNtI+Nt,B,0„ ohiltl Uu miitan Nk,eiOj-(N>,SO|-f I, giTM 
S(IiwI-fNK,8jO(— that is,triUuaiiisH^dBtiuidimlbBiuiiDnUbcRi tutkienlphHnDBdd 
M the Ihttof doei lo VDlphorcttod bydrogen. We adopt the lasie node of npusefo- 
latioa : bj repiihelng ooe bjdrogen in H^S bj tnlphniyl ve obtaja tbioiiLlphDju uad^ 
BaO]-HB, uid b; repUcing a lectmd brdngen In the titUr tgtin bj mlpbiOTl we obtain 
In'lhlooio uid. (BSOj)^. Purthermore. Spring ihond Uu( tbe Ktion of Kdiai 
uuJgftm on the thioaic fteids canaea reTem* reactiaaa to Ihoee ftbore indioMad lo* 
Iodine. TbDt sodium [hioanlphite with N»,giTei N*,S -I- Ma^j, lud Spring nlwwad 
thut Ihe «DdJaiD hero iq not a siinple element taking np lulphar, but IteaU entart intft 
doabltt dWDrnpoaitioD, rpplaetng snlphnr ; teir on Uldng a potaaaliiTit ult end utibff oa 
II wilb ■odian, KB0,|8K)4N.Na-K80]N* + (SK)H>. In. a •iDilu wj .pdian 
dithiBMl« ttJth (oarnm eim Hdiam nlphite; (Ka80i)«+Na|->Ka30iNai lodiaB 
trilbinnite form* NnSOjNa and NaSOySNa. and lelnthionaU lormi aodiuai lUiiail- 
phale, (S.S0j)S,(>1.80,) * Na, - 9(N»aO,)(N»8). 

In all the oiidiied campanndi ol mli^nt we may note the pneence ol th* claaali 
«f Hnlikhnrona anhydridA, &Of, the only prodaet of the eoiabiuli^ ol 



■rUl*, aocotding to thii 



Hnioe il ii aoidant tktl 8CL, baa (abiUt CO, baa not) tbe lacallf to 
and ainu at (gnainf SO^,. TbMii X, eaD-O, asd tba qOHtion naliually anfftaatt 
itialf,aa te whellier Ibe 0, wbicli oeinira in 30] ii not ol Ika aama naUte ai llui oircoi 
■Wh adda ilaalt la B0|— (bat it, vhethai B0| doaa aot sonvapODd wLth tba mote 
gencnl Ijpe SX,, ad iU eampoDDda with tba tjpe SX^ ? Te Ibia wa najr antvnr ■ Th 
and 'No'^'Yea' in the geneial ■«» whiob proeeeda baa tbe Innatigatim ol Ite 
najorit; of campDDndi, sapecially maUlu, whan HO canetpDiula willi BQb BX,; 'Ho' 
in tha lenw that inlpbur d«n not giie eilhu SH,, SH^ or SOU, and tbentot* t^ 
atagM SXj and SS* an only ebaarrabla in oifgaa coiopDnnda. With lalaniKa M Ite 
»7P* BXa a hydiala, e<HO)« aii^t ba expaalad. il Dot SOr And > 




SULPHUR. SELBNIUU. AND TELLURIUM 2Sd 

The first endeavoars tn obtain • compound of sulphur with carbon 
were unsuccessful, (or although sulphur doea combine directly with 
carbon, ;et the formation of this compound requires distiocllj 
deEnil« conditions. If sulphur be mixed with charcoal and heated, it 
is simply driven off from the latter, and not the smallest trace of 
carbon bisulphide is obtained. The formation of this compound 
requires tliat the charcoal should be first heated to a red heat, but not 
above, and then either the vapour of sulphur passed over it or lumps 
ot sulphur thrown on to the red-hot charcoal, but in snail quantities, 
so as not to lower the temperature of the latter. If the charcoal be 
heat«d to a white beat, the amount of carbon bisulphide formed is len. 
This depends, in the first place, on the carbon bisulphide dissociating 
at a hi^h temperature."^ In the second place, Fnvre and Silberman 
■bowed that in the combustion of one gram of carbon bisulphide (the 
products will be COj + 2S0,) 3,400 heat units are evolved— that is, 
the combustion of a molecular quantity of carbon bisulphide evolves 
256,400 heat units (according to Berthelot, 246,000). From a molecule 
of carbon bisulphide in grams we may obtain 12 gramS of carbon, 
whofie combustion evolves 96,000 heat ui>itSi.and 64 gnuns of sulphur, 
evolving by combustion (into SO,) 140,S00 heat units. Hence we see 
that the component elements separately evolve less heat by their com- 
bustion {237,000 heat units) than carbon bisulphide itaelf— that is, 

iiite ihiB hydriiL4 from k dLuJy of Uie pDHipounda ot ■olpbonc vad with water. In 
■d^tUoii to «b»L Itas been alrti»dy wj ropectiiLg tfaa complnt ftcidi forauHl bj BUlphur, 
] ihiak il wcU lo mtfalioa ttut, uwordibf to tbA ttuve viftv, itill mon complex oiygtin 
uidi ud ulta ot inlphu Buy be looked ttr. For inllwice, tlie «lt Na,S,0, abUined 
b7 Villien (1888) ii ot Uui Una. It la lonned together witb todium trithioiute uid 
lutptaur. when BO) 1> puied thmugli a cold ulnlion ol Ni,S,0„ whiab i> then nlluwed 
la ■tend ror uienl dtj> at the ordinnry tumpmlare . aNi,S,Oi •■ tSO, - Nt,S.O( 
+ H(,%Oii-a, It msT be Buanied hen, H in the Uiionlc uida, Ibat Iben tin two 
■olphoifU, bound together not only bjr 6, bnt alio bj 90^, or vh^t ii almoet the 
UDU thing, that the BUlphoiyl u cumbiDCd with the i?^duca[ tritbjooic w^d.i.e. replMM 

" Evon light decoin|io»eB cerbon bianlphide, but not to the eilent of i^pejitting 
oubou, under the Actioo of the lun^e nyt it ifl decomposed ioto lolphtir and a eolid 
■ubeUnte which ii coondBrid to be ctiboa moocanllihide ; it ii oI a red aolonr, uid iti 
tp, p, it I'M. (Tba formiilioa of ■ red hqoid tompouDd CiSt tiu tlia been icinuked.) 
TbDrpe (1889) observed « eomptste decomp«ilioD of cuboa biinlphids nndei ihe ketfam 
of a liquid alloy of poCuiinm and udiiun ; it i> aocompaaiBd bf an eiploooo and the 
depoeition of carbob and aulpbnr. A titnilar ooEopleta decompoiitioo of cuboo bjen]- 
ptude i* alio ucompliihed by the aetioo ol oKCcDiy tulauoale {Chapter XVI., Note H|, 
and i% due bo the fact that at the ordinary tempcratMrt (at which carbon biaoZphide ia 
bot produoed) tht decompontion of carbon biaulphide lakoa place viLh Lho developmeut 
ol heat — that ia, it preaeaia an ejothennaL reaction^ like the decornpoBitiou of oil 
«ip1a(ivea. It ii leiy poatible Ibai at a higher lomperatore. •biw cubou biniJphide ii 
fonoed, tlie comhiTiaiian of carbon with suJpbnr la aUo an eiothennal reaction — that ia, 
heat ii dcTolopad. It this abould be the cue, carbon biiulphidu would preaent a moac 
iutractiTe elam^ in Ihatmochemiitry. 

•12 
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th>t beat «lu»M be «volT«d (at Um ordinary tempenture) uid 
■biorbed in it* deeomimsitioD, and tberttoTv thai the fonnntion of 
boo bisulpbide fr«m charcoal and snlphur is in all pfobabQttj act 
ptakd by ao nbsorption of heat."* It ia therefore not surprising that, 
Kke other compound; prodac«d with ui absorption of heat (oxon^ 
nitraa* oxide, hydrogen peroxide, &c.\ carboD bisnipbide is anttaUft 
mttA eaailf ooovertod into the original inbstances from which it is 
obtained. And indeed if the vapour of carbon bisulpbide be passed 
through a red-hot tube, it is decoinposed^that is, it dissodatea— into 
■nli^nr and carbon. And this takes place at the temperature at which 
tiui substance is formed, just as water decomposes into hydrogen and 



ogjgea at tbe temparalnre of ita formation. In this abeorption of beat. 



I 




in the forn^ vpUined the facility with wlucfc 

itsoffera re . u ^v.^^^^.,.,„.„ -hieh we shall see in the aeqiwl, 

and ita main diS'erenoe from the cloeely ansjogoas carbonic anhydride. 

"> Tb* bet ilMoM not be kat dghl of that inlidioi ud clunak] u< lolid* t* tb* 
etdinu; tanpcntnn, whiW eubdubinilphida (> • ti^ loUtil* liquid, mod conHqasill)). is 
lb* wt of coBbluliiKi, niamd to Uu oidiouj Mmpenlnn [Note W). then ia, u il nn. ft 
t—^e* into ■ liqaid itU*, ud thii nquin* thr ibKitpIiiHi al but. And (oiUunua*. 
Ih* BKOwmU (4 «al[iiu emUisi m* Idut in ■tomt, ud iba malKal* ol euboo ia all 
pofaabilitT (Chopto' Tm.) ■ tvj eoaudtnbU niuiib« of (tomi ; Uiiu tha iwtion et 
wal^ia oa obuwx] m^ ba « : q»u i n i 1 ia lh> tallowing muutw: SC. + aS, - S.C3,— 
Qwli^tioBii+a mdacol** thm pnoHd •■ molni^ aod u n nart b* m; cdd- 
tidembla, >■ nnH ba (nater Hub S + a, whisb iBdkalM a itnmfvution m Uw 
lioiich tha nactioD al Bnl licfat awaan u ooa o< 
.d liquid 
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In the laboratoi; carbon bisulphide is prepared as follows : A 
porcelain tnbe is luted into a. furnace in &n inclined poaition, tlie upper 
«ztremity of the tube being closed b; a cork, aud the lower end 
connected with a oondenEer. The tube contains charcoal, which is 
raised to a red heat, and tJien pieces of sulphur are placed in the uppet 
end. The sulphur melts, and ita vapour ooines into contact with the 
red-hot charcoal, wliea coiubla&tion takes place ; the vupoura con- 
dense in the condenser, carbou biEulphide being u. liquid boiling at 
48°. On a large scale the apparatus depicted in tig. 90 is cmplojred, 
A cast-iron cylinder rests on a stand in a furnace. Wood charcoiii ia 
charged into the cylinder through the upper tube closed by a clay 
Stopper, whilst the sulphur is introduced through a tube reaching to 
the bottom of the cylinder. Pieces of sulphur thrown into this tuba 
fall on to the bottom of the cylinder, and are converted into vapour, 
which passes through the entire layer of charcoal in the cylinder. Tho 
vapour of carbon bisulphide thus formed passes through the exit tube 
first into a Woulfe's bottle (where the sulphur which has not entered 
into the reaction is condensed), and then into a strongly-cooled con- 
denser or worm." 

Pure oarbon bisulphide is a colourless liquid, which refracts light 
strongly, and haaapureetbereal smell ; otO' its spMific gravity is 1-293, 
and at 15" 1*271. If kept for a long time it seems to undergo a change, 
especially when it is kept under water, in which it is insoluble. It 
' boils at 48°, and the tension of its vapour is so great that it evaporatw 
very easily, producing cold," and therefore it has to be kept in well- 
stoppered vessels ; it ia generally kept under a layer of wot«r, which 
binders its evaporation and does not dissolve it'* 



TL Cftrbon biftnlfihide, *« prepared 
vontftiuB not ' " ' ' ' ' 
diMtgnesblo 4 
to iluka it nti 

the impantiei 



, moFe npeciBJI;, oUicr impgntkoa which gift jt ft v 
lothol of punfyiog this nuJodoroni c&rbop buolpfaidi 



ua 



-iQuJt>1ud« bo ovaporatod ooder t] 

of s current of hit, it ia pouible li> obtAin k tempt 

paucd through it by mfiajiti of belloHB, a ciryBLAllfno vhiLe ml 
TDUtQJKi bdow 0°: this ■ hjdnts, H]0.9CS,i'it emiIj dsooi 
«sAoa biiulphide. II ii foTiMd ia the 4ban eipcriment b; tfas 
aiipsued thtough theoftibon bisolpbida. uhI the faJl of ' 

B afw».., .i,w.i.^i i^ miuiblelii 4U propottioot "with varbao bii 

hydrocdrboiit, f Attj oils, Hic' 
to cubOD UmlpludB. Thii 



■loohol oqty in « de£ 
|be <nt«T ia il. Gtb 
Wilnbl* irith gnM «• 





S03 TRISCIPLES OF CHBBIISTEy 

SarbOD bisolphicle entera into nany ootnbinfttioas, which t,n 
quently closely an&logoua to the coropoucds of carbonic aohydritlo, 
this respect it is a thio~anJiydride — i.e. it has the ch&raoter of tlis Acid 
anhydrides,"'^ like carbonio anhydride, with the difference that th« 
oxygen of the latter is replaced by sulphur. By thto-compoandB in 
geaeral are understood those compounds of sulphur which differ from 
the compounds of oxygen aa carbon bisulphide does from c&rbonjc 
anhydride — that is, which correspond with the oxygen conipounds, but 
with substitution of sulphur for oxygea. Thus thioaulphuric acid U 
mono-thiosulphurio acid^that is, sulphuric acid in which one atom 
of sulphur replaces one atom of oxygen. With the sulphides of tha 
alkalis and alkaline earths, it forms saline substances coiTesponding 
with the carbonates, and these compounds may be termed thio-car- 
bonalfs. For example, the composition of the sodium salt Na,CS, ia 
exactly like that of sodium carbonate. They are formed by the direct 
solution of carbob bisulphide in aqueous solutions of the sulphides ; but 
they are difficult to obtain in a oryatalline form, beoause they are easily 
decoBiposable. When the solutions of these salts are highly concen- 
trated they begin to decompose, with the evolution of sulphnrettad 
hydrogen and the formation of a carbonate, water taking part in tb« 
reaction— for example, E,CS, + 3H,0 = K,CO, + 3Hj8,'* 

B<tnwtiDg Uw hit; oils trom regeUblij Hedi, inch u linxxil. pilin-DD ts, ar tcoai bono, An. 
Tha ptflparEtion ol VBgflt«falfl oil* ib uBuiUly done bj preaaing tbe H<<dB nndar k pcw^ 

lLow«var,ba nrao^red bj tnatmeat.iviUi «Atbaii bisnlpliide, ia thia oiuuuv • wlQifon 
LI obtained vhioh vhon l»tod fiulj parti with iIL the caiboo bieolpbide, leawng Ih* 
non-volHtila fattj oil bebiDd, id that tha lame carbon biiolphidfl may b« oonimMd aad 
used oTw a^^ala for tha aama pnrpoBa. It alio dis4o]T«a iodtoa. bromiiia, indianibbVa 
laJphoTt and tw. 

CarboQ bianlphida, aipecially at high tampcratam, tar^ oftan acta bj ita *^""~''n 
in a maiiDBT in whieb oarbon and inlphiu alona wn mt abla ta raaJit. wbiah wtH h* 
ondaretood trom irhal hu been laid aboia tupeoting iti endothemal origin. H B W 
paaiad OTar ted.hot meWi — aran oral ooppar, for inilauca. not to mtsitwD lodiDi^ Aa ^ 
it lonna a lolphlda ol Iha maUl and dapouta ehucoal. and if Uie Tapow b* pa 



aomatimaa a cartaln amount of enlpharoui anbjdrids)- Uma and fimilar okidM (fvtt 
nnder theia cirCDinatiuioei a carbonata and a inlphide— lot aiampla, 09, + SCaO»90d 
+ CaCO,. Tba aulphide* obtaiiud bj thia CDBani an oftao nU ccriUUitad, lik* thaaa 
foond in nalnn— for aiampla, tead and antimon; lolphidaa. 

no" And iDit aa COCl, mrraapiinda ta OOi.ao alio Iha cUoiachjdnda, CSOla, «r 
UtiopltotgeyK, «in«a|ioDda to OS,. 

•t U initakd of a ralphida va lake an alkali h^niiida, a Oiiocalbonata ia dv 
lonned. tosalbar with a cubonate— Ihna. BBaH,0,«BCS,-lBaC8,-rBaCO,+IB^. 
Fnm tha inilabilitr ol Uw thiosarbgnale* of tha alkalisa matala wa oao iilimlj 
•M tba raaun ol tha diBenlij wiib vbtch tha lalla ot tha hMviet nuOait an (Otmad, 
■hoae baaio prapeitiaa an inoomparablj weakat than thoaa ol ttw alkali matala. Btnr- 
•Tar, the** lalti maj ba oblainad bj donbla dacoqipoaition. Anunonia iu mcti^ QB 
oaiboD binlphida (im, baaidai pndacti Uka tbeaa lonned bj athet alkalii, ■ vhaU 
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A remarkable example'' '■'' vt the thio-compouuds ia {ouod in thw- 
eyanic acid^i.^. cyanic acid in which the oxygen u replaced by 
.■ulphur, HCNS. We know (Chapter IX.) that with oiygsn the 
cyanides of the nlkoline metala RCN give cyanates RCNO ; but they 

wrlH dI pnducU o[ u oompla • atnctun h Uiok nibituuiM vbicb ua prodused bj 
th« ution of cubopio onhydiids on usmoaU. In tbe nintb ohmptcr «• guunined Uia 
tomutian o[ Ibe nmoioiimin cvboiutei, uid »w thB ttimsitiaii from Iham ioto Uia 
OTuiides. It ie rat surpneing situ thii lhi.t tbe utioii ol uibon bisniptuda on 
lUOUDODia not ooiy prodncflH tbe ^bove-meQlianed uitt, bqt atia unfdic oompoanda 
ooneipandiiig with Ibem, in whicb the oi^gten ii vboll; oi putiallji replaced b; aulplmt, 
ThQB unaumium ditiuDcubunate iu teir eaail j oblaiDed il caibon buoipbide be added to 
an alcoholic tolotion ot nmmonie, and (he murtn™ soolsti in ■ isloeed voewl. Tbe tnlt 
then upenlea oat io DiiEnU yellow crralali, CN,H|S(. 

CaiboD biiolphide not otdf forme aomponndi with the metallia aulphidei, but alaa 
irith BDjphuielted hydrogen— that ia, it tomu ihiocarbonio acid, HiCSj, Thii la 
obtained bj cuof ally mixiDg lolutioiii of thjocuboua tea with dilate hydrochloria acid^ 
tl tben aapontu in an oil; lajvr, wbinh oaiily decompoees in the preeence of water into 
nlplinrotted hydrogeo and carbon biialphide, jait aa the oorreiponding urboiiia aoid 
(hydrate) deeompoaeB into water and carbonic azthydride- Carbon biAolphide combioei 
Dot Duly with sodium aulphide, bat alio with the biaalpbide, Na^S^^ ooti however, with 
the trisolphlde, NiigS,. 

Thg roUlioa of esibon biaulphide to the other cuboa eompoonda praunta [ci4iiy 
QUHt interestiog featarea which are oocBidcred ia orgiuiic ctemiatrr^ We will hero 
onlytunotu attention to one of tbe compooDdacftliiBclaM. £thj1 aulphide. (C,H()^, 
eombinei with ethyl iodide, CiH^ forming ■ oew DiDteODle, '8<C,Ht}]L If we deaie- 
nata the hydrocubon gniap. for instance ethyl, C^^, by Et. the leMtioB would bo 
sxpreiKd t^ the foIla>ring equation : Et,S + EtI - SEljL Thiicompoand iiol a aaliae 
qhafbcter, f^rreaponda with aalta of the alkelta, and Is dotely aualagDUa to amniomam 
oblcride. It ia aolnble in water; when heated it again spliti up into its component! 
EtI and Et,S, and with ailvei hydroxide givea a bydroiide, EtjSOH, haiiog tho 
property of a diitinct ftnd energetic alknU, resombling cauatie njomonia. Thus tho 
oompoDnd gnnp &Et| oombinea, like potaseium or amipoo loin, with iodine, hydrotyt, 
chlorine, ia Tho hydroiids 8Gt,'0H ia aoluble in water, preciiutatna metallic aolte. 
•Mnrataa acidt, im. Hance anlpbar here eaten iolo a relation towards oUiec elemcnU 
■imil&r to that of nitro^n in imunonia and ammoniosi aaite, with only thia difference. 
that nitrogen cetaine, beiidea iodine, bydronyl, and other gronpa, alao H, or Et, (for 
•umpla, KB,a, NEIjHI, MEI,I), wbilat mlphar only rctauu Et,. Compoondi of the 
lonnnla BHjX are howeter.onkDown, only the producli of labititulion SEI^X, Sic arc 
known. ThA diAtinctly alkaline properties of the hydx<oKide, triethylaolphine hydroondo, 
SSAfiB, knd alao the ebacply-deBoed propsrtjee of th« eoiraaponding faydniide, 
IMnathylaounoniam bydroiide, NEt,OH. depend natonJIy not only on the prepartiei 
of the mtrogen and anlpbur entering into their compoaition, bat atao on tbe large pro- 
ponion of hydromboo groupe thoy ooDlaiu, Judging trom the eiiatence ot the ethyl- 
nlphine cmnpoaada, it might be imagined that aalphut lonoe ■ compoond, SHi, with 
hydrogan : but do anch ooropoand ia knowo. jaat u KBi i* onknown, althoogh NH^Cl 

iitta Thorpe and Bodgec (18S9), by heating a mu.lare of laad flnorida wid phoipborui 
IwntuDlphide to 3(0° in an atmoiphete ol dry nitrogen, obtained gueoat pluHpharui 
fiuotulpfude. or Ihioplunjikviyt ftuoridi. PSP). conwpondiDg with POClj. Tbia 
oolooHeH gai ii cooTcrted into a calanrlea* hqaid by a preanre ol cIcTeu ■tmoapberea ; 
il doea not act on dry mercury, and takee fire ipontvieoVBly ia air oi oTygeo, forming 
phoaphoraa pantaflaoride, pboB|jhorio anhydride, and anlphnrona aafaydiid& It ia 
MiDble in ether, bat it docompoaed by water: PBP,**B,0''B,3'<-HiP0i-MBF 
(Note SO). 
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liao combine with sulphur,- and therefore if fellow prussiate of potash 
be treated as iu the preparation of potasaium cjonlde, and sutpbur I 
added to the mass, potassium thioc^anate, RNCS, is obtained in 
Hotution. This salt is much more stable than potaaaium ejianate ; it 
dissolves without change in water and alcohol, forming colouriew 
solutions from which it easilj orystallises on evaporation. It maj be 
kept exposed to air even whan in solution ; in dissolving in water it 
absorbs a. considerable amount of heat, and forms a starting-point for 
the preparatiou of all the thiocyanatAS, BCNS, and organic oompounda 
in which the njetab are replaced by hydrocarbon groapa. Snoh, for 
example, is volatile mustard oil, C,H^CSN (allyl tbiocyanate)," wHob 
givestomustardiU caustic properties. With ferric salts the thiocyanatei 
give an exceedingly brilliont red coloration, which serves for detecting 
the smallest traces of ferric salts in solution. Thiocyanic'acid, HCNS, 
may be obtnined by a, method of double decomposition, by distilling 
potassium thiocyonate with dilute sulphuric acid. It is a Tolriilfl 
oulourless liquid, having a smell recalling that of vinegar, is soluble in 
water, and may be kept in Eolution without change.''^'' 

The sutpbur compounds of chlorine CI, S and CljSg nay be regaid«d 
on the one hand as products of the metalepsis of the sulphides of 
hydrogen, H,S and H,S, ; and on the other band of the oxygen oom- 
pounda of chlorine, because chloride of sulphur, CljS, resembles chlorino 
oside, C1,0, whilst ClgS, corresponds with the higher oxide of chlorine ; 
or thirdly, we may see to these compounds tbe type of the acid ohloran- 
bydridea, becnuse they are all decomposed by water, forming bydrooblorio 

'^ Allhoagh mnaMfd oil mmj ba obtunsd bom th« tbLoorssftlei) it ih odIj *° iMmif 
od aU^I thiooi^iuifete pKrp«, a* ii eipluned [n Orguiic Cbomiitry, 

II bu SqI^ut oui ODiy nplue hiJf tha aiTgen ID CO,, H >■ hhii in CI 
er tnoiiDUuccubatuo u^jdride COS. Tbia anbiUnce wh obuincd by Th«a, « 
larniei] in miiny nKtiooi. A cerUUn unoonl i< Dbtoitied il ■ Duituie ol CHboDia oiSdB 
uid tho Tftpoar t>f anlphor be pAsted throD^h ■ ivd.hot lube. Wh«a okrbon talvMblMidi 
li hedted with inlpliiiriias ubjdtid*. Uiia nbitiuiceii iIk fonnid ; bnt it ii bol oMumI 
in • pn» form by decompodjig poUiiinni IhiocyuwM mth t miitnn Dl squl iiiliiiilia 
ol -ntor KiA vnlphnric p»oid. A gmt is then »YDlted contunitig ■ eoruJn UDoniii d 
bydrocyHiuc Acid. from whicb il may be (rned by |wA»Jng it ovv *(»j ooBUiaisv 

by tbe <qutian: KKCNB-f SB,SO,<SII,0-K,S0, + (NH^,gO.4-lC0S. It ia llw 
lonntd by puaing Uw iipanr ol aiboa biaulphidn oTer tlnmia* or eUy h«ated to 
ndneu (Okutior; tilicon mlphids is Ibcn fDrm<id|. COS i> mlf lotiDCd by inwii^ 
photttcns ovti olang Uyerol ubsiloamiiedwithiodiiun BDlpbJdc at 170°; CdS4.C0CI| 
>CdCt,-fCOS (Muiioun, ISOl). Tbs pungaahuui ikromaUc odonr, la ■olnbla in as 
agists TglniDB of iiiMr, vhidi, howaTac. ula on it, w Uiat it mual ba eoUaelad oiW 
maroQiy. WboD alighbly haatad, carbon Diyaatphida daoompoaat iti^ aolphw ibA 
arbonia otid*. It bnrna in lie vith ■ pala blna Buna, aiptodai with oiygaa, and jillih 
potuBOD anlphlda and eaibonala with palaaaioni faydnntda: OOB + tXEO— KjOO* 
+ S,S*8H,0. 



SULPHUR. SELENIUM, AND TELLURIUM 



265 



atdd, and sulphur tetrachloride, SC1„ ia decomposed with the formation 
of aulphurouB anhydride.^' 

The compounds of sulphur with chlorine are prepared in the 
apparatus depicted to fig. ttl. Aa sulphur chloride ia decomposed b; 
water, the chlorine evolved in the flask C must be dried before coming 
into contact with the sulphur, It is therefore first passed through a 
Woalfe's bottle, B, conteining sulphuric acid, and then through the 
cjUnder D conta,ining pumice stone moistened with sulphuric acid, and 
then led into the retort £, in which the sulphur is heated. The com- 
pound which is formed distils over into the receiver R. A certain 
amount of sulphur passes over with the sulphur chloride, but if the 
remltftnt distiilate be re-saturated with chlorine and distilled no free 




TSLtl. — AptMEttm for Ibv I 



■nlphnr remains, the boiling-point rises to 144°, and pure sulphur 
chloride, S,C1^ ia obtained. It has this formula because its vaponr 
density referred tc hydrogen is GS. It is also obtained by beating 
certain metallic chlorides (stannous, mercuric] with sulphur ; both the 

" Theie ii bo reosgn for aeiiiiig ■dj' oonUadietion or oiutDil ineomiutibilitj in lluwa 
llm» viaVH, bsaUH ovcry uulogr ia more dt Icib mcdiflsd li; a iihuiga ol elgoaut*. 
ThUB, for ioilann, it connol be expected thil the prodocl of the metftlepob of hydrogen 
nlpbi^ KHild reumble the CDireapoodiDg prodnctt al >ntef io tU respgdi, bemiH 
wftlBT hfw Dol the acid proportioe of bydrogen lalphide- In the d«^ of duUrai and 
ttlflotrical poluiij it was Huppoied that the nilphur v&riod in its tufttnre : ia by drog«Q 
•olphide or pote»[iim aalphide it waa oomudered to be ne^ttve, uid in MulphorcnH 
uihydride or iDlphiur dichloride positive. It Duro &ppearad orideiit that inlpfaiir 
dieUaride tnnild have no point of u»1ogT *^^ pgtuutun inlphide. Bvt motalepals, ai 
lev of eabBtitntion, necoujtetoi iDch opinione bfliog UJd eeida. U 
aopuB COb ca^, CCU CHCI„ CH,|OHJ with Mob oUiar, ire cunot ncogalM 
IS in Dm snlnlinrin SH^ BCI,, 8Kc or in gamnil SXf, Ib olhvwfw we 



286 PRINCIPLES OF CHESUSTRV 

tueUl eitiil chlorine then combine with the Bulphor. Sulphur chlond* 
is a jell owish- brown liqaid, which boilB at 144°, and has a spnciGo grm- 
vitj of 1 70 at 0° It fumes ntrongl} is the air, reacting on the muBtgre 
contained therein, and has a heavj chlomnhjdrous odour. It disaolvtt 
■nlphur, if miscible with carbon bisulphide, and falls to the bottom cd ». 
vcEsel containing water, by which it is 'decomposed, formiDg snlpbaroos 
anhydride and hydrochloric acid ; but it first forms rviooa law«r 
stages of oxidation of sulphur, because the addition of lUver ottnt* to 
the solution gives a black precipitat«. With hydrogen salphide it (^vn 
sulphur and hydrochloric acid, and it reacts direiitly with tuatela — 
especially arsenic, antimony, and lin—forming sulphides and chloride*. 
In the cold, it absorbs chlorine and gives ttUphur dicUoride, SCI]. Th« 
entire conversion inUi this substance requires the prolonged passage of 
dry chlorine through aulpbur chloride surrounded by a freezing mixture. 
The distillation of the dichloride must be conducted in a stream of 
ohlorine, as otherwise it partially decomposes iut« sulphur oUoride and 

■hoDld h*ia to KlinmlBdgc u nuuij dUTeigot Bbuln ol lulphui, cubon, or hjdngan aa 
tbnriiiure compoBBdii of ■nlpliar. cuboo, or hydngnd. The aueotial UvUi Dt lbeni*U«r 
li Uuit i.U (hn ateneiiUiB ■ iDoliwulii f\t.j th^ii pirt in ihe rwcliiHii istoohicb ilcnMn. 
Oitea this hppvAn to b« conUodicted in the ravilt— For ci&mpLa, hjrdrogea wian* m^ 
b« nflocbJ; bat it ii not thit bydrogen «1odv thjkt ba* delonniii«d tba nactioa; all 
thr ctameBlg pnMnt h*r« twHicipatcd in H. Thii mi; be nuds nlonr b; lb* 
foUowiDg Tongh iUubatioD. SnppoaiDg two n^mEnta of Boldierv »«■* flghtinf agaiiiM 
each other, and that aaveral mea were loit bj dob of thu ngiEDentt ; no one could aa^ that 

balloLt Hfn OTsr tlu becdi at Uuir oiqwacnU, It nr not only Ihiws who tell vho 
(ought, allboneh Ibsj odIt ««« rsmored bom tha ficJd of batlls : the GghliBg precesdcd 
among tliB maaeos, bat onlr tbnae low vera diaahlod who vent fornrd and woo moia 
coDspiFnoaa &c.; not that the Rmaiiider did not lak* [wt in Iha aelian; Qirj alto 
[aught and men an object of attack, only thej nmaiaed aoiuid and unbort. Brdroeas 
labi^tar thaaDtharelamaDUajidiuatamBiAoniiaDbile; itrinbieDUila^TnarofraqamtlT 
and euilj to roactiom \ bat it n not It alono which react*, il li aren I«« liable In ■!!«)[ 
than other alomantB, It partioipatca in eicAedinglj dirarae reactions, not indeed bacaoaa 
thg 1ijdnig«(i ilealf Tariei, hot bHuiae one atom at il {jDle ftHl I forward, anoUiar ii 
todden , one ia nnitad with CArbon, another fieebly held by aalphiir, one etaoda or narv 
in Ifae naiflhboarhood of oiygan, anothar it iotned to a hydiDcarboi-- AJl hjdrofvk »Iwh 
an equal, and cqaallyMrreu an abjeclol attack lot the atoraiolniolscDteeatiailuitecills 
them, bat thowoolj are removed from the apbere of action which are never the an^ca of 
a molKuIe, which an nian owbili^ or held by a leaa hub of forcea. 3d alvi uAfkaa ia 
one aud the aama in aulphnr dichlaride. in anipboroua or aulphuria anhjrdrida, ia 
bydrogcn sulphide, in polaiainin niphida. but it macta difterenll;, and tboie el 

»ub&taocc9quaDtitatJTa]y and qaalitaUvali 

fORUa it anlers wiUiDglT, it onljr the reqi 
sol therefore be oasolBded that an ale 
diSerenl caaaa. Th* ptecedinc rom 
iBg cbamlata. and I n 
at ioiportuil pnblenu of cL 
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efalorine. Pure sulphur dicbloride is ft reddish-brown liquid, which 
resembles the lower chloride in mrmy respeota ; itq specific grsvitj u 
1'62 1 its odour ie more suffocating than that of sulphur chloride ; it 
volatiiisea at 64°." 

TAionyl chloride, SOClj, ma; be regarded ae osidiaed Boiphur 
dicbloride ; it corresponds with sulphur chloride, 8,01}, in which ooe 
fttom of sulphur is replaced by oxygen. At the sanie time it is chlorine 
oxide (hjpochlorous anhydride, CljO) combined with sulphur, and also 
.the cbloranhydride of sulphurous acid— that is, SO(HO)^ in which the 
two hydroxyl groups are replaced by two atoms of chlorine, or sulphu- 
rous anhydride, S0|, in which one atom of ozf gen is replaced by two 
atoms of chlorine. All these represeatations are confirmed by reactions 
of formation, or decompoeitions ; they all agree with our uotioos of the 
other compounds ttt sulphur, oxygen, and chlorine ; lience these defini- 
tions are not contradictory to each other. Thus, for instance, thionyl 
chloride was first obtained by ijchiff, by the action of dry sulphurous 
anhydride on phosphorus pentachlaride- On distilling the resultant 
liquid, thionyl chloride comes over first at 80°, and on continuing 
the distillation phosphorus oxyohloride distils over at above 100°, 
PCla4S0,=sP0Clj + S0Cl,. This mode of preparation is direct evi- 
denoe of the oxychloride character of SOClj. Wiirtz obtained the e&aa 
substance by passing a stream of chlorine oxide through a cold solution 
ofsulphur in sulphur chloride; the chlorine oxide then combined directly 
with the sulphur, S + C1,0=80CI„ whilst the sulphur chloride remained 
unchanged (sulphur cannot be combined directly with cblorine oxide, as 
la explosion takes place). Thionyl chloride is a colourless liquid, with 
• IttfTocating acrid smell ; it has aspecific gravity at 0° of I'QTO, and bolls 

'^ Tha obflcrvfid vipoor deDflity of mlphtu dichJoride ifilBmd to bjdro^Q jb 5S'B, 
Md Uwl giTsa bj the lonrnJa la GIG. Thti smaJkr molKoUr iraigbt eipl&ini iti boiling 
point being Imet thu (hkt of nlphiu cUorids, B,CI,, Tba nutiDnB of both UuH 
SMBponndi tie rer; ilmilu-. Sulphur oonverlB the diobloiide, SCIt, into tha mano- 
ghtotide, SiCI,. In ono poLol lbs dicbloride diSan distmctlT from the miniDcblorida — 
thai ii, In its upuitT tar euilj giviog up chloriDO uid decoslpaBuig. Etw light de- 

T u chlorioD, or nbiluiDBt which euily pnrt irilh tha Utler. IDch u 
.limouio cfaloridfl- In diitinatiou to thasa, howeTar, aolpbor dichlorida 
*<ald appeu to diitil irilboDb any oonaidaimbU dKDmp»[tion, Judging bjr lh« vipoor 
laniilj. But this it not u rilid wndusion, for it tbaia be a dKompoBition, th«a 
l8Cl]''8iCli'fCl,l Dov tho denaity ol anlphnr chlorida=B7'S, uid ol chlorine - BK'S, 
and couaqoantly a mlxlnre of equal Toinmei of tha tvo = (»1'S, jiul the lame aa an 
eqnaJ volnniB of sulphur diahlorida. Therefore the dittiUMiott of tutphuf dicMarido 
iifTobably nothing but III dicomponliOTi, Hence Iho ccmposnd BCI^ irhich la atabls 
M the ordinary Icmpmlnre.dacompDM* ml U". Tn the cold ilabMrbsafntlber awoont 
Diahlnrine, correBpondiGg t4i SCI,, bat even at —10° a portion ol tha abaorbed cblo^a 
la ^*ai olI-~that is. diuociation takes place. Thni the tetnchlotida ia st«d Ion itabl* 
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»t TS" It unks in water, b; whiob it ia immediaUly-deoonpoted, like 
&lt chloKnhjdrideBi— for exuuple, like carbgnyl chloride, which corn- 
spondswithit 8t>CU+H,0=SO,+ 2HCl.""' 

Norma] sulphuric acid kaji two corresponding chtortutij/dride4 ; tbs 
Sret, 60,(0H)C1, ta sulphuric acid, SO,<HO}„ io which one equiTftlent 
of HO ifl replaced bj cbloriue , the seoood has the aoniposition SO|Cli — 
that is, two HO groups are Bubatituted by two of chlorine. The aeoond 
clilorauhydride, or the compound SOjClu ie called sulphnrjl chloride^ 
uid the liTit chloraubydride, SOiHOCI, ma; be called chlarotulphoois 
«^d, because it 14 really an acid ; it (till retains one hydroiyl of *ul' 
phuric aoid, and its corresponding salts are known. Thus, polasiiuiu 
chloride absorbs the vapour of sulphuric anhydride, forming a salt, 
SOjKCl, eorresponding with SOjHOl as acid, la acting on wdiuin 
chloride it forms hydrochloric acid and the salt NaSO,Cl. This fint 
chloranhydride of Bulphuric acid, SOjUOCl, discovered by WiUiamion, 
is obtained either by the action of phosphorus pentachloride on sulphuric 
acid (PClj+H^O, =PO0l, + HCI+ ESOjCl), or directly by the actian 
of dry hydrocMotic add 00 oulphurio anhydride, 80) + HC1=HS0»C1. 
The most easy and rapid method of its formation ii by direct saturation 
of cold Nordhaiiisen acid witb dry hydrochloric add gas (SOj + HCl 
= HSO,C!), and distillation of the resultant solution, the distillate 
then oontains ESO,CI. It is a colourless fuming liquid, having an acrid 
odour ] it boils at 153° (according to my determinatJoQ, confirmed by 
Eonovaloff), and its specific gravity at 19° is 1-776. It is immediately 
decomposed by wa(«r, formbg hydrochloric and sulphuric acid^ aa 
should be the case with a tru^ chloranhydride. In the reactione of 
this chloranhydride we find the easiest means of introducing the 
sulphonic group HSO) into other compounds, because it iiher« coubioed 
witb chlorine. The second chloranhydride of sulphuric aeid, or tulphuryl 
chloride, S0,C1„ was obtained by Regnault by the direct action of thA 
sun's ray on a mixture of equa] volumes of cbtorine and sulphurous 
oxide. The gaaes gradually condense into a liquid, combining together 
as carbonic oxide does with chlorine. It is also obt&LDed when a mix- 
ture of the two gases in acetic acid is allowed to stand for some time. 
The first chloranhydride, 80,HC1, decomposes when heated at 300° in 
a closed tube into sulphuric acid and snlpburyl chloride. It boils at 
70°, its specific gravity is 1'7, it gives hydrochloric and sulphuric aoitU 
with water, fames in the air, and, judging by its vapour deiui^, dooa 
not decompose when distilled," 

111U Elliot ud Simi (IBM) obuined UiiDs;! btomU^ BOBr„ bjr tnUii^ 80CU 
with KdiDm btoislda; U it and liquid, ip-cr. ISli, lai dsaoapoHi U 1UI°. 

" pTK»nlpliiu7l chksida. S,0,CIt Bt Mota M. Tbnip* tod Kirmu, bjr Inui^ 
■ " " W, bat whiali dacoapowd wHh 



^ 
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In the group of the halogens we uw four closel;^ analogous elementa 
—fluorine, chlorine, bromine, and iodine — and we meet with the same 
ntimber of close); allied analogues in the oxygen group for besides 



Thaiuidi < 



lurtlly h»v. 



« Held for 



natareh a preunled by the Aerim ol compoi 
nambcr Uut Id cubouio and roniiiD uidi thare cormspondB, u we uw tChspUr IX.), > 
¥Mt lerlfla at dariv&tivAa convapDndlflf with thBU" AininaiiiuiD wiltB- Tr> eolphnrlo add 
dure eomtpond two unmoniiun ults. 60,(B0)(NH,0) tnd SOjIKHjO),, thna 
amidn. tho noid unide SO,(HO)|NH,), or aalplumic ucid, th» uorniil hIIbs DompoaBd 
a<VHH,OJ|NH,), or varnaninm ■Qlpbamiite, uid the nomui) unid« 30,(HH,)„ or «■!- 
phamldB (tho HDnlogni) oI n»>); tbea th* uid wtnln, SONIHO). ud two ntutnJ 
a<ln1ea, SON(NH,J mid 8H,. Thi>» lu^ eimiUr eominuDdii GomapondiDg with aal- 
phunmi >cid. nnd Ibelerora itg nitrilo will be, in uid. SK(HO), iU ult. uid the nonul 
oompaund, SN(NH,). Dilhionic uad the oUur uid> ol iDlphnr •hoold tin bax Ib^ 
oomipaDding amid.M nnd nilrilu. Only ft few e»mplDH are Icddwd. whioh we will 
bHaflj deKTibe. Sulphuric uid tormi »lla of Torj ^reit ■(sbility with unmonia, ud 
unmoniom lolphale is one of the commotisftt unraociftcal eompoaodii. It it obfadiud 
br tta* dinol kction at ammania on BntphtiHa acid, or by the HctiDn ol the Utter oa 
•mmonitun (arbonata ; it uparatM from its lolaticiiiB in ui anhTdroiu itala, lika 
poU witini Hiilpbata. wiDb which it it iaomorpboUB. Honce, the compoiitiDn ot oryitali 
of ammoDiom lulphate is (NH,)3S0,. This ull Fmei at H0°, and doH not nndago 
■nj ebaoge when heated op to 180°. At higher tempeiitnrta it doei notJoee water, bnt 
part! with bntf it* ammonia, and ii convfrt#d Into the add ult, HrfH,30, i aud thia 
acid tail, on foither heating, nndi-rgma a Inrther decompoiltian. and iplila up Into 
eltnigen, water, and acid aminaniDtn salphita, HNH^SOj. At Iba ardinuy leBiparatiir« 

aa eqna] wtigbt. In its (acuity fat oombinatinnB thia call oihibite a great reHmblance 

ramarluhle ol which ue the ammouia alonu, (IH,A1S^|,11H^, and the doable aalti 
binned bjr Ibe metal* ol the magaeainm grqnp, having, (or example, the oompoiitloB 
(HHt),HgB,Oa,AHiO. Anunoninm gulphata doM not give an amide whao healed, 
perhapg owing Co tb€ faautty of BUlpburio aohydrido to retain the water combined with 
it with great loree. But the amides of sulphuric aoid may be Terj conrenientlr pt^iarBd 
(mm mlphnrio aohydride. Their lormalion bj this method ii «rj eatily naderitood 
becwiae an amide ii equal to an ammoniam aalt leaa water, and i( the anhydride ba 
lahao It win gice aa amide dirHllj with ouimonia. Thns, if dr; ammonia be puaed into 

awhita powdery mass called snlpbatanunon.baTing the compoaitinii 30j,aHjN,andreHm- 
bling tha limilar compound of carbonic aoid, C0,.3NH], This gnbataooa ii natorallj tha 
ammODinni sail of aulphamie acid. SO,|NH,0|NH,. It is slowly acted on by water, and 
may Iherofore be obtained in snlnlion, in which II slowly reaele wiib barium cUoride, 

OBiafDllj difaolwed in wa(«r and avaporaled.it yialde HoU-formad cryatala, wboae volntion 
noIoDgvr givH a prscipitale with bariom chloride. This is pol doe to the preaaooa 
at imponties. but to a change in lite nature of Ibe anhitancei and Ihareloro Roee ealls 
tiu crystalline modiBcation paraauiphatammon. Platinum chloride only praaipitalea 
faaU the nitrogen as platinochlorida from aolutiona ol aulphat- and paraaulphatammOD, 
which shows that thsy are amoioninra aaJta, S(}^HiO)(KH,). It may be that tha 
MMon of tha diffarence In the two modiflcaliooa Ti oonaaoted with the fact that hro 
different aubslancea of the eoqipoeition Nv^t^^a are poaiihlc: one la the amide 
80|l[NH,)i oorreipondine with Iba nnrmal salt, and the other is the ealt of the niWl* 
acid coneeponding with acid ammosinm inlphale — that ii, BON(ONB,| oorreipoada 
*ithUieacidB0N40B)-BO9niH.OiOH-lH|O. Heaoe tlnn nut]' here ba a dilKnaaa 
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sulphur tbU group obo includaa »den 



n and lellwwm i O, B, 6«, Te. 



very closelj allied, both to roipwt to the n 



If ID the pTflcodiDg flXporioMnt 



hu Iwou bub lilUfl mvftttigiled, uid migbt b 



i cyuate. Up to lbs pmant, tha 



uihjdnde* b 



ud not the Hilphiui 
Ukea ia eiKss, k (oLubLe aobtUuw ot Ue compini^on IHO^SKH, i> fanatd. Tliia 
eonipoiiDd. obUiaad b; JuqaFline uitl inrcttigAted b; Votonio, dmibUeu ■!» conUiiu 
( ull "I anlphamio uid—thU [>, dI the usidH conHponding with tha BSid umnaniiua 
(tdpbKle- UNH,SO,-HiO-^(NB,|SO,(OB), Frabkblf it » ■ eompnud ol nlpbalu- 
moD with BulphAznio &cid. Thui it h&i ui loid nudtioQ, bid da« ddI giw a lawnpitAl* 
-with b«rigia cblotids. 

With normtl (ulphitto of uunooium, ui unide a( tfaf compaiition N^SOj ilioaU 
DOTTcqiaiid, vhich Bhould bear the come reUtioD to tolphDiio uad a* vna bvers to as- 
booic ftdd' Thift uaido,kDO«a oa tidpknmidf, ia oblAiued bj tha actiLni ot dtj ■■nm.wi.^ 
oQ tha Bulpharj-I ehloridfik BO^ Cli, juat at urea ia obtained by (ha aoLiofi of nmmonia an 
oubonyl ohlorida, SO,Cl,+iN^''N,H,SO,'rflNH,CL Tha uooHiniain thlohda i* 
■epantad tiom tba reBollaut nilphikmida nith giaat difBeiiltj. Cold water, acting on tha 
miitDie, diatuhea tbem bath i the aold HilatJoo doea not giia a precipiLale irilh hodtua 
chloEids. AUuliaact an it aloialr, aa Uie; doon urea: bat on b. 

aalt. V. Traube (1S99) oblwoed fulphuiide bj Iha lactim oI 

HjLtar. and the aolDtioD (after boiiiog with the oxidca ot lead oi 
when a ayrapy liquid remaioa. With nitnte ot lilTar the Uttit ) 
vhkh, whao decompoaed hj hydrochloric acid, giirea tree Bui^han 
oratali, ha»i»g the sDoipoaition BO,{NH,)j. Thia lubalMce 1 

daeompuas below 100°, and ia eotiiely desompoaed above aso° ; it ■■ aolable in waler, 
and the ululian baa a ueutml teactioc and bitter laala. Whan heated iriih aeidai 
icid and aununia. If tha aUw 



hi laiKB ealoadaa* 
at SI", bagina to 



lulphamidfl gradouUj dBcomposee^ ta- 






compound obtained bj the action o( talphamida a 
unlil ammonia ii no longer evoivod, aod tha reudne be extracted w^th *«(ar acidolalad 
with nibrio aoid» a aalt aaparatoa out from the aalutknt. aofiweting in ita compoaitida to 
auli>hamide.SO,NAg,which' thaamida-MIi-60,N,li,-NH,=80iKH. TbaaelliH 
of aolpliorjl ehloride (and od the other ohloraBhydridca of lalphar) on anunoniun oa^ 
bonate.'Jwaja, aa Hente ihowad (1888),n>alta<n Iba formation ol the aalt NHjSO^BJr 
The nitrileB ooTraaponding with anlphurio add are nut aa fat known with aoj gi^ 
tatntf' The moat aLmpJe nitiila conaqunding with lolphario acid ahoold Imt* tba 
coaipai>iliaaN,H|BOt-lHaOoM|8. Tkia would be a kind of oyanogeB eorrHpoadinf 
with aulpburiq a^id. On oompariDg aulphuroua acid wJth carboaic acid, wa aaw that 
thaj pnnaut a great analog:; in nianr reapeota. and tberefora it oiiglit be eipactad that 
nitrile compoonda having tha cempoaitioD NUS and N,S, wonld be leaaiL Tba 
latter of theaa oompounda ia well known. 

(pataoyanogao). and ia knovm aa nilrar«n sulphide, H^ It ia' lo 

the aqoatioD BSCl, + tlNH]»N,a,->^a«aNIi,CL Tba free aulphur 

phide an diaeolvad hy aotiog on tlie product with carbon bbulphiile, tl 

■nlphida being much leai aolnble than tha sulphur It ia a jellow aubataDce. wbidi lb 

eUTowrelr irrilating to the eje* and noetrila. It aiphidaa when rnhbad w' ' * ' 



It [ua 



without 



nail} daeompoaBd witb Ui 



anpoung 



onlydK. 



flutkn of nitrogan 



in cooling depoaita it in 



ilj iligbtlj ao iu akoboi, ether, and **'tww, biaulphidt 
I part of nitrogen aulpLiidc at the boUii^ point. Thia 
minata tianapanni piiima ot a (oldas jr " 



il" It ia ^^ 
lilOOpart* ^^H 

hii aalotioB ^^^H 
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uitodeB oi their alomic veighta and also in ttie faculty of the element! 
of both groups for combiniDg with metals. The tiietiDct analog; and 
definite degree of variance known to us fgr the halogeoa, also repeat 
themselves in the same degree for the elementa of the oxygen group. 
Amongst the halogens fluorine has many peanliarities compared to 
CI, fir and I which are more closely analogous, whilst oxygen differs in 
many raspecta from S, Se, Te, which possess greater similarities. The 
Utalogy in a qnantitative respect is perfect in both cases. Thus the 
halogens combine with H, and the elements of the oxygen group with 
H„ forming HgO, HjS, HjSe, HjTe. The hydrogen compounds of 
selenium and tellurium are acids like hydrogen sulphide. Selenium, 
by simple heating in a stream of hydrogen, partially oombines with it 
directly, but seleniuretted hydrogen is more readily decomposable by 
heat than sulphuretted hydrogen, and this property is still more 
developed in telluretted hydrogen. Hydrogen selenide and telluride 
kre gases like sulphuretted hydrogen, and, like it, are soluble in water, 
form saline compounds with alkalis, precipitate metallic salts, are 
obtained by the action of acids on their comfKiundB with metals, &c. 
Belenium and tellurium, like sulphur, give two normal grades of com- 
tnoation with oxygen, both of an acid character, of which only the 
forms corresponding to sulphurous anhydride— namely, selenious an* 
hydride, SeO,, and telluroos anhydride, TeOj"— are formed directly. 



Uku>um anhydridt, 3«0], ■• « voUUla 
Ik i> boEk procorfld b^ the actioD of 
I at NOkid (1S741 mbuwiid th^t Uie ul 
and %i* to chonctohilic in matiy reipecU Ui 
oulogT ot tip«a of giidaa. Thai th* oiidM i 
ol Iha coiop«itioD RSeO„3BiO, wbeia R ^^ Hi 
hanum, uid DHJuium floutain a difftinot qm 
Ollclea RtO], Ve bsro tarn Mlestioii to (bf 
BeSoOi,aII,0, (ud not ■ salt analc«oiu Ui Um 
yttTiam, Y,(SeO,),,l£H,0, and othet oiidaa o 
flu (armnla BeO. 

T*U4<Tieu< ankydridi ii b]» > coloarlw i 
wbaa beal^, fint Inaea and then volattliHi. 
ritiOD ot il> >alt> givei a hydrate, H,TaO,, wl 



lawIaU* 



I the oompMitioo BOgiTe nonnaJ aaila 

I. Co, Ni. Cn, Zd. Tlwialtialiiiaciutium, 
ttit; ot walu, ai do alio the lalti ol ILa 

hM that btrrtliam givei a aDrmal lalt, 
< or alumiorum, Handiam, Scj(S«0^i,B^, 

Uu toim R,0], whiij) ■peaks in laioor at 



an varj oaaily raduced to Kleniom and t«Ui 
Uln aino, or by anlphnretted hjdrogon, whicb 
pborooi anhydride, orhich ii able to predplli 
oMbe Hlanita and tdlncites. and eria of iht 
of in obtaining theaa altimtrots and Reparating 

Balphnria add, aa wa Icnow, rarely 
•denic and tclloric acidi. B,S«0, atid I 

.sad WUnriam. A powerful oiiditing ai 



)1id, vrbidi oryitalliH 
It ia iniolnble in wa 
ich ii iDtoinbte. 

that Hlsniona and taUnnHU aafajdiidM I 
rinni. Tbia Is DDt only eSeoted by malala ' 
arq powflifol dwxidiHn, bnt rm by nl' 
Le aalsaiaiD aiid (aUariiun from iolatioaf 
addi tbemaelvea, whifl 

Uieio from Bulphor. 
I so DTidiiing agoaL 
, which ar« poworfol oxidii 
heir inlD Ihs lowtr o>ide or 
required in ordac (o tc 
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These are both solids, obtained by the combustion of the elementa 
tbetnselves aud b; the action o( oxidising sgeuta on them They (ona 
feebly energetic ftcids, having distinct bibutc properties ; bovever, & 
characteristic difTerence Crora SOj is observable both in the physical 
properties of these compounds and in their stability and capacity for 
further oxidation, Just as in the series of the halogens already known to 
DS, only in an inverse order ; in the latter we saw that iodine combioes 
more easily than bromine or chlorine with oxygen, forming more stable 
oxygen compounds, ■whereoa here, on the contrary, sulphurous anhydride, 

-teUDTDtiB uih^dhdei into Hl«njc uid leUoiio iLahjdiidBt, tiai, mortorer. it maftl b* «ai' 
ploredineirHiaB. IfclilonnebiipuHdlliiough tHlotisDofpotuiIiim wlsnida, SgSe, M- 
Inrida, K,Ts, Hlenitt, KtSsOi. or UllonW, K,TsO,, it uta u u oiidi*) 
tb«w»(«,fi>niiiispotuihuDHl«asta,KiS*Ot,ot lallanl«,B,T«0,. 
lonned by fnuug (ha loirflT uidei with Ditn^ Tb«e m ~' 
oonsiiioiidiiig •n]pluitn,.ucl ooiiot thsntan b«H|>irUcdfR 
Tha ultl of potMiiom. widiiuii, DUSBwnm, oo] 
■nlplutn, but thou ot tuTioai ud ctliinm tie iniolable, in p«f Hi aulo^ wilh tb( nl- 
fiuttn. WhiD coppai HleMt«, Cd8*0u >• Iroated witli Hlpbanltsd brdiogaii (CdS 
ipjt»bed), tetmiio acid nmuii in ■olotion. On flT&pontion uid drying u 









LtBled U 



-.kW. 



liilit Ibe Klidifled uid malta M 
a 96. The b;dnte H,SeOi,H,0 
< tp. g!. S-se uid tbo Klid t-SB. 



d (lik« nilrlc, cbmnlev 
1 uid, H,3«0,<-lHa 
lingteUoiouiuibjdnd* 
9g potuHom Icllonu, 
gnta, B»T*0, dbWoad 
intion ot tellorio uU 






k ipeeLflA gri 
HjBbO) On1j mniini liquid in a itata ol inporroaion wbiUt 
*tV, tha aolid loid cTBbiiliHB well, ita ep. gi. it Ibon 196. 
nalM M +«G°. The uid in t onpactiiaad ttotc but a tp. 
LOes lalpharic acid Btcong aalanic aold attractt moittdrQ fror 
deodmpoaad by lalphoroiu aold, but oxidiaas hydroohloiic 
tod maoiEaaito ulda^, aTolTiDg ohlorina and forminf lalai 
-HgSaO,^H,OtC],. 7«I2Hru aeU, HgTaOi, ii obtained b 
vltli poUaeiun b^dtuxlde and chlorata ; LLa aolDtion, tiaal 
la than -pnwipitatad wilb buinm ohlonda, and tha faariam 
in (h« pnwipitata ■■ dacomponed by aulphnrio moid, i 
ii thai obtaiiie>d, which on ovaporation jiotdfl oolonrlan pr 
oontaining TaH90.,3BiO. Two equlvalvnta of watar are d7 
heating tba last equivalent of viter it expelled, and thai 
•lao giToa chlorine with hydmohlonc acid, like Balenin acid, tta aalta aiao urreapOBd 
with thou ot lolpbiiria acid. It ninBl. bowever, be nmaj%sd that tallnris and a^iiilo 
Midi are able to giie pal;- acid taltiwith mach greater eaaa than aglphnrle acid. Tbna, 
fer aiample, IJurs are known far tallnric acid not onl^ K]TeO„BH,0 and KBTeO^SBiO, 
bnt alao KBTaO„H,TsDuB,0 o- K,TeOuSH,TeO„9Il,0. Thii ealt u eaailr ot>Uiiial 

drtde ii Tolatila and giTee liniilar poly -aalti. it may be lamiaed thit ae leniona, tellnnras, 
■alanio, and tallntiD anhydcidei are polTmeris aaoonparad with inlphnrooi and intphntia 
BBhydrldea, lor which reuon it woald b« deainLble to detra-fnins the rapour danilli el 
aalaniona anhydride. It would probably eorreapond witb Sv^O, or Se^^f . 

In order to ahow (lu Toy doaa aaalogy ol teleniom to salphir, I wilt qoot* Mo 
aaaplM. Potaaainin cyanide diaa^ree ■alaninm, aa it doei aulpbur, lormLog polaaaiOa 
lalsaooyanata, SCNBa, oomaponding witb potauinn tbiocyuats. Acidi ptaeipitata 
i*t«DlDm Irani thla aolDtion, bMuiaa aelenoeyanic acid, E[,CNBe, when in a (rca lUU ia 
hnmediktcly decompoied. A boiling •olation ol aodiacn ■olphit* diaialTH aaleiiiaia. 
}DSI a* it would anlphni. tanaing^a aall antlogDiu to thiotolphate ol aodii 
" otulphato. Na,98eOj - ■ - 
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M we know, u diffiaultjj decompiiHed, parts with ite aulpbnr with 
difSuultjr, uid is eoaily oxidised and especially in its salti, while 
•elenions and telinrous anhjdrides are oxidised with difficulty and 
eftiiiy reduced, even by njeans of sulphurous acid. 

SeUnium was ohtaioed in 1817 by fierzelius from the aublimate 
which collects in the first chamber in the preparation of Bulphuric 
add (roto Fahlun pyrites. Certain other pyrites also contain unalt 
quantities of aelenium. Some native selenidea, especially those of lead, 
mercury, and copper, have been found in the Hartz Mountains, but 
only in Email quantities. Pyrites and blendes, in which the sulphur 
is partially replaced by selenium, still remain the chief source for its 
extraction. When these pyrites are roasted tbpy evolve seleniouA 
anhydride, which coudcnses in the cooler portions of the apparatus u&i 
which the pyrites are roasted, and is partially or wholly reduced I7 I 
the sulphurous -anhydride simultaneously formed. The presence of 
selenium in ores and sublimates is moel limply tested by heating Ihein 
before the blowpipe, when they evolve the characteristic odour of garlic. 
Selenium exhibits two modifications, like sulphur : one amorphous 
and insoluble in carbon bisulphide, the other crystaUine and slightly 
soluble in carbon bisulphide (in 1,000 parte at 4S° and 6,000 at 0°), and 
separating from its solutions in mnnoclinic prisms. If the red preci- 
pitate obtained by the actioa of sulphurous anbydride ou selenious 
anhydride be dried, it gives a brown powder, having a specific gravity 
of 4'26, which when heated changes colour and fuses to a inetAllio 
mass, which gains lustre an it coots. The selenium acquires different 
properties according to the rat/3 at which it is cooled from a fused 
tiMio i if rapidly cooled, it remains amorphous and has the same specific 
gravity (4-28) oa the powder, but if slowly cooled it becomes crystal- 
line and opaque, soluble in carbon bisulphide, and has n specific gtuvity 
of i'80. In this form it fuses at 214° and remains unchanged, whilst 
the amorphous form, eapeoially above 80°, gradually passes into the 
crystalline variety. The transition is accompanied by the evolution 
of heot^ as in the case of sulj^ur ; thtu the analogy between solphtir 
and selenium is clearly shown here. In the fused amorphous form 
selenium presents a brown mass, slightly translucent, wit 
fracture, whilst in the crystalline form it has the appearance of a grey 
tnetal, with a feeble lustre and a cryslalUne fracture.""" Selenium 
hmui, en hi> rHHrchim upon tlio kllotniue tomu of MUniaa, pointtd a«l 
(1BS9) a pscoUu modification, which >ppMn, u it wsn, u 11 tiwuiltoa bstwsa 
wyitelliog wid uDiirptioDi HleoiBin. It ii obtaiuMl logethai witfa tba eiTiUlintTuiety 
tj ilmlj OTspontiim • KlnlioQ of hIoiubzii io bUnllibida ol cubcu. uid diOcn [nm 
lln I ijilillim Tuiety ui tho larm ol itscryitiJi; itpaue* Into Uie \mUKi aoiitcmtioa 
■bcs ketloi. SchiUU aba obUuoed uleiJum (like Ag, *» Clupbec XXIV.) in * 
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boilfl at 700°, fonning n vapour whose densit; u oul; constant at a tern- 
t>er»tareof aboat 1,400°, when it is equal to T9'* (referred to hydrogen) 
— that is, the molecular formula is then Be,, tike sulphur at an equally 
high temperature. 

TeUuri-um is met with still more rarely than selenium (it is known 
in Saxony) in combination with gold, silver, lead, tind antimony in 
the so-called foliated tellurium ore. Biemuth telluride and nlvbr 
telluride have been found in Hungary and in the Altai. Tellariura i« 
extracted from bismuth telluride by niixing the finely -powdered ore 
with potassium and charcoal la as intimate a mixture as possible, 
and then heating in a covered crucible. Futa&sium telluride, KiTe, 
is then formed, because the charcoal reduces potassium tellurite. 
As potassium telluride is soluble in water, forming a red-brown 
solution which is decomposed by the oxygen of the atmosphere 
(K,Te + 0-t-H20=2KEO+Te}, the mass formed in the crucible is 
treated with boiling water and filtered as rapidly as possible, and the 
resultant solution exposed to the air, by which meant the tellDrinm 
is preci pita ted. '° In a fr«e state tellurium has a perfectly fnelallie 
appearance ; it i» of a Gilver-whit« colour, crystallieea very easily in 
long brilliant neeilles ; is very brittle, so that it can be easily redooad 
to powder • but it is a bad conductor of heat and electricity, and 
in this respect, as in many others, it forms a tron^tion from the metals 
to the non-metals. Its specific gravity is 6'IS, it melts at an incipient 
red heat, and tabes fire when heated in air, like selenium and sulphur, 
burning with a blue fiame, evolving white fumes of tellurous anhy- 
dride, TeO„ and emitting an acrid smell if no selenium be present , 
bat if it be, the odour of the latter preponderates. Alkalis dissolve 
tellurium when boiled with it, potassium telluride, K,Te, and potasrium 
tellurite, KgTeOa, being formed. The solution is of a red colour, owing 
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Tho Uttsi Bit.y b« camoved bj converting the miitan 
trentuig thiiirilb nitric Hid ud buium nilnU. when bk 
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to the presenoe of the telluride, E,Te ; bat the colour disappears when 
the solution is cooled or diluted, the tellurium being all precipitated * 
2K2Te + KjTeOa + SHjOssBKHO + 3Te.«> 

*i The deoompotitlon prooeedi in the above order in the cold, hat in * hot lolatioii 
with an ezcest of poUweiam hydroxide it proceeds invendy. A timilar phenomenon 
tekei place when tellnriinn i» fneed with alkalis, and it is therefore necessary in order to 
obtain potassium tellnride to add charcoal. 

Selenium and teUurium form higher compounds with chlorine with compan^Te 
ease- For selenium, SeCl^ and SeCU are known, and for tellurium TeCl) and TeC^. 
The tetrachlorides of selenium and tellurium are formed by passing chlorine over these 
elements. Selenium tetrachloride, SeCl4, is a crystalline, volatile mass which gives 
selenious anhydride and hydrochloric acid with water. Tellurium tetrachloride is much 
less volatile, fuses easily, and is also decomposed by water. Both elements form similar 
oompounds with bromine. Tellurium, tetrabromide is red, fuses to a brofm liquid, 
volatilises, and gives a orystalline salt, XaTeBr^, SHaO, with an aqueous solution of 
potassium bromide. 
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